UNCLASSIFIED

AD NUMBER
AD102193
CLASSIFICATION CHANGES
TO: UNCLASSI FI ED
FROM: CONFI DENTI AL

LIMITATION CHANGES

TO:

Approved for public release; distribution is
unlimted.

FROM:

Distribution authorized to U S. Gov't. agencies
and their contractors;

Adm ni strative/ Operational Use; 15 MAY 1956.

O her requests shall be referred to Ofice of

Naval Research, 875 N. Randol ph St., Arlington,
VA 22203.

AUTHORITY

ONR I'tr 28 Jul 1977 ; ONR Itr 28 Jul 1977

THISPAGE ISUNCLASSIFIED




0s
g




frmed gency

Reproduced by

DOCUMENT SERVICE CENTER
KNOTT BUILDING, DAYTON, 2, OHIO

This document is the property of the United States Government. It is furnished for the du-
ration of the contract and shall be returned when no longer required, or upon recall by ASTIA
to the following address: Armed Servicee Technical Information Agency,
Document Service Center, Knott Building;, Dayton 2, Ohio.

NOTICE: WHEN GOVERNMENT OR OTHER DRAWINGS, SPECIFICATIONS OR OTHER DATA
ARE USED FOR ANY PURPOSE OTHER THAN IN CONNECTION WITH A DEFINITELY RELATED
GOVERNMIiINT PROCUREMENT OPERATION, THE U. S. GOVERNMENT THEREBY INCURS

NO RESPONSIBILITY, NOR ANY OBLIGATION WHATSOEVER; AND THE FACT THAT THE
GOVERNMIXNT MAY HAVE FORMULATED, FURNISHED, OR IN ANY WAY SUPPLIED THE

SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICAT!ON OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON O}t CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SEi.L ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.




e CONFIDEN‘N’AL
e

{a -s»;\

‘ut n'\ L

e w

'j;;;ﬂo.mb“' 1675$4?°‘* : w ’..'

DUCTED PROPELLER
ASSAULT TRANSPORT

Stability and Control-
‘Report No. DI8I-945-005
15 May 1356
BELl“Zew-

.

‘CONFIDENTIAL




CONFIDENTIAL 005

] R —

BUFFALD §, NEW YORK

TECHNICAL DATA

NOTICE

This document contains information affect-
ing the national defense of the United
States within the meaning of the Espion-
age Laws, Title 18, U.S.C., Sections 793
and 79L. The transm1531on or the revela*ion
of its contents in any manner to an une

W&hox‘ized verson is nrohibited by law.
~
May 15, 1956
gﬁ{&fﬁﬂw. v, JYOATE | My 15, 1956

BYS D. ¥V Oy
CHECKED . .. DATE. . . . .
APPROVEL Q) Hirs DATE . May 15, 1956

055 ‘i‘maﬁf&“. May 15, 1956

s+ Chief Aerodvnamicist

CONTRACT NO. Norr 1675 (00) NO. OF PAGES 96

Form £9-1 C

REPORT NO. D181-945-005 MODEL .§ 55, — §
B oo
o 5 b
& © 1 [0}
4 L1 . L "g
STABILITY AND CONTROL :u o Lf 3
E: =i :II d o
C O = ;)
g 4 3
50 9 a
COPY NO. = g \j‘ 2
REVISIONS oo o °
. RS
DATE PAGE NO. L 3 L58B
L
HWICT i I,
Gloa Clao
':“— o - - Chee .,.-ﬁ’\'i\ 2 ahte ~T : Il : __‘é.
= ) ) [ R .I -
v v A A 4 0 3 O 8 -
E} i} A ﬁ : i ey -
Eo® A

CONFIDENTIAL




NOTH R

BELL AIRC <0 7 020 AN reserves
all rights cb whatensver robora oy and to the
developments  herein d:scribad  which are
claimed in issued and/or pesding patents in
BELL'S name, except as any of sarr - are or
may be licensed to the United Sta.as Go-

verpment for its use.




CONFIDENTIAL

B E LW(’/}%‘/ " CORFPORATION -

FORWARD

Contract Nonr-1675(00) was awarded to Bell Aircraft Corporation
by the Office of Naval Research under sponsorship of the Army Transportation
Corps., This is one of a series of five study contracts let to investigate
the application of various schemes to'the design of Vertical Take-off and
Landing (VTOT.) or Short Take-off (STOY Assault Transport Aircraft.

The particular field of investigation at Bell Aircraft is the
application of ducted propeller propulsion systems to the design of aircraft
capable of performing the Assault Transport mission. The resuits of the

investigation are presented in the following listed reports:

TITLE REPORT NUMBER
Summary Report D181-945-001
Design Report D181~-945-002
Survey of the State of the Art D181-945~003
Performance D181-945-00L
Stability and Controi D181=-945-005
Duct and Propeller Analysis D181-945-006
Preliminary Structural Analysis D181-~-945-007
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ABSTRACT

A brief preliminary analysis is presented in this report of the
hovering and transition stability, and an insight to the reaction control
picture associated with one of the more promising design configurations of
a ducted fan vertical take-—off and landing assault transport airplane.

These analyses are introductory in nature and tend to define feasibility
and areas for further study,

Concentration of effort has been placed primarily on hovering
flight where the aerodynamic forces are assumed negligible and only engine
gyroscopic, dust fan characteristics, mass and inertia terms are important.
The hovering condition was investigated with various control levels for
contrgl stabilizing the airplane while individual gusts as high as 50 feet
per second were appiied in roll, vitch and yaw. A "pilot acceptable" gradient
was determined after many rours of simulated flight time on the Reeves
Electronic Analogue Computer, REAC traces are shown of pilot input and
resulting airplane output displacements as a function of time for the various
conditions studied,

Transition phase where the aerodynamic forces tend to build up with
increasing veloxity proves to be of less importance in comparison to hovering.
Here conventional aerodynamic control surfaces tend to become effective with
increasing velocity and tend to augment the reaction controls at the low
flight speeds,

Power off static longitudinal, lateral and directional stability
has been investigated and horizontal and vertical tail sizes designed to give
& desirable stabiiity in pitch, roll and yaw.

Repert No. D181-$L,5-005 Page ix
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SUMMARY AND CONCLUSIONS

A preliminary analysis of the dynamics of hovering and transi-
tion flight has been investigated for a ducted fan configuration of a
VTOL Assault Transport Aircraft. Emphasis is placed on the control
hovering studies since these investigations represent the reaction
contrel design criteria. Associated stability and control studies were
also investigated for the transition phase cf service flight. Analogue
simulation of the aircraft dynamics aliong with a technique inccrporating
conventional airplane controls enabled Bell Aircraf£ Corporation test pilots
to give "pilot opinion®™ concerning satisfactory and unsatisfactory flying
characteristics of various reaction control input levels. Records and traces
of pilot and ailrcral! response are presented and briefly analyzed for pur-
poses of feasibility and contrel design requirements.

From the hovering studies it was learned that the pilot was
able to control stabilize the airplane under still air and severe gust
conditions up to 50 feet per second in roll, pitch and yaw. The follow~
ing control requirements were established:

(1) Roll reaction control 7.5 degrees/sec?

(2) Pitch reaction control 10 degrees/sec2

(3) Yaw reaction control 5 degrees/sec2
Plots of the equivalenit forces and moments required for these gradients
are shown in the figures of this report. Inclusion of power on duct
aerodynamic terms in the hovering dynamics indicated reduced airplane

ground drift tendencies.

Preiiminary analyses of duct exit flap contrels have been

examined for rcll and yaw control with flap chords of one to three feet

Report No, D181-945-005 Page 1
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in length. For piteh control the downward force exerted by a J~85 engine
located at the vicinity of the vertical-horizontal tail junction gives
sufficient control for piteh attitude. The J=-85 reaction engine is capa-
ble of producing 2400 pounds of force for pitch control,

Transition cases were examined for representative speeds on
take-—-off and landing. Aerodynamic control became more apparent to the
pilot with the higher forward velocities., Traces are presented showing
the pilots ability te aveid divergent motion for the various conditions
investigated,

The horizontal and vertical tails were respectively designed to
give an average static margin of 12% and a yaw stability level of approxi-
mstely 00L5/degree. The wing geometric dihedral is zero, with positive
roll stability exhibited throughout.

The following conciusions may be drawn fﬁgp these studies:

10— Acceptable control gradients can be designed for the AT

Airpiarnie,

2. Bell Aircraft Corporation pilots can control the airplane
manually in hovering fiight with the acceptable control
gradients established.

3. Pitch reaction control can be obtained from a J-=85 engine
situated at the tail end of the fuselage.

L. A split flap type control arrangement at the duct exit is
satisfaztory for roll control.

S. Yaw controls for hovering flight can be designed as a ducted

flap arrangement or a reaction engine at the tail.,

Report No. D181-945-005 Page 2
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Static longitudinal stability is ample and of proper~order
for service level-flight conditions.

Lateral - directional stability is ample throughout the
level flight reéimeo

Inherent engine gyroscopic moments tending to couple the
pitch and rolil planes of the airplane prove to be of little
consequence to the pilot for the hovering and transition
cases studied,

Fan slipstream effects on the horizontal tail are negligible,
Large moments of inertia of the AT Airplane result in a

relatively easily control stabilized airplane.

The following recommendations are suggested for future stabilicy

and control studies:

1. Detailed studies along with a wind tunnel program of the
duct - exit flap controls should be made for proper design
refinement.,

2. Control lag studies should be made for the dynamic hovering
and transition studies on the REAC,

3. Level fiight dynamic stability should be investigated
throughout the conventionai flight regime,

L, A flight simulator program should be initiated to include
a compiete flight from hovering to transition with & pilet

| flying a given fiight pathe

5. A compiete wind turmel program should be initiated to cover
power on and power off aerodynamic characteristics of the

: airpiane, ;
Repor* No., D181-9},5-005 ' Page 3
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6. A detailed investigation of maneuverability of the VIOL AT
Airpiane should be conducted.

7 A comprehensive study of power on and power off duct aero-
dynamics should be made with wind tunnel substantiation.

8s Feasibility study of controlling duct aerodynamics by inlet
boundary layer control and possible resulting applications

to aircraft control.,

Report No, D181-9L5-00%
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PART T

INTRODUCTION

For the past five years Bell Aircraft Corporation has been
studying the feasibility of horizontal attitude - vertical take—~off and
landing airplane configurations. A test vehicle has been built and flown
successfully utilizing rotation of jet engines for hovering and transition.
Another test vehicle is now being built incorporating jet tail exit rota-
tion. This report presents preliminary paper studies on a ducted fan
vertical take-off assault transport airplane again with the initial take-
off in the horizontal attitude. Studies covering the more pertinent sta-
bility and reaction control problems associated with ducted fan VTOL aircraft
are considered for the most promising AT design studies to date,

The results presented herei:: are felt to be indicative of the
airpiane, although better quantitative data should be obtained from wind
tunnel and/or flight testing. Since under the contract a brief study
was desired, detailed comprehensive: studies and analyses are not presented,
but rather the associated problem of feasibility.

This airplane has a gross weight of €7,660 pounds and an empty
weight of Li2,390 pounds., The ducted propellers, powered by Allison engines,
ars situated at the extreme wing tips with the smaller diameter ducts
situated siightly inboard, The ducts are located so that the horizontal
tail is unaffected by the slipstream of the ducted propellers,

The wing incorporates zero sweep of the quarter chord with an
effective aspezt ratic of 5.8 and a taper ratio of three quarters. The

herizontal and vertical tail are respectively 310 and 232 square feet with

Report No., D181-945-005 Page 5
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aspect ratios of 1,35 and 1.82. Both surfaces have 65A — 008 airfoil
sections with leading edge sweep of the vertical tail equal to 25 degrees
and four degrees for the horizontal téil;

v Jet reaction control has been considered for pitch (also yaw)
from a J-85 engine located at the tail end of the fuselage and flap con-
trol situated at the dust exit for roll and yaw control during hovering,
Other types of roll and pitch contrcl have been considered but not
developaed due to the dearth of ducted fan aerodynamics. For example it
i1s possible that the duct forces and moments might be developed at will
by injecting compressed alr at the duct inlets giving a primary or
supplementary method of control. A thorough wind tunnel program is nec-
sssary to give the designer an understanding of the potentials of ducted

fan propuision,

Report No. D181-$1,5-005 Page 6

CONFIDENTIAL




CONFIDENTIAL

B E LWK%% CORPORATION

PART IT

HOVERING AND TRANSITION STABILITY AND CONTROL

In 1952 the Bell Aircraft Corporation instituted a general pro-
gram devoted to VIOL stability and control problems. Generalized stability
equaticns were develqped to describe an aircraft in hovering and transition
flight., The development of the equaticns of motion are given in these works

(References li, S and 6) and are not presented herein.

Analytical Treatment:

In utilizing the basic eguations of motion for the dynamics in
hoverirg fiight the following assumptions were made:

a. The aircraft was assumed rigid

be Aerodynamic forces and moments were of negligible magnitudes

c¢. Only small angles existed in roll,yaw and pitch

d. Initially the aircraft velocities and displacements are zers

e. Reaction control produced pure couples

f. Thrust level of ducts remained constant

In considering that the thrust level remained constant, it was
assumed that pitch and roll controls did not effect the overall thrust,
Brief studies were conducted to determine the effect of this assumption on
the present system and it was found that the thrust to weight ratio would
have to be maneuvered between approximately 1 and 1.025 to maintain a pre-
determined altitude. In the time available it was not possible to incor-

porate pilot control studies of thrust on the analogue simulator,

Report No. D181-9,5--005 Page 7
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Two axes systems were used for the equations., Moment equations
utilized body axes with origin at the center of gravity, the X axis para-
lel to the fuselage center line, and the Y axis parallel to the wings.

The force equation coordinate system also had its origin at the center of
gravity but the XY plane remained parallel to the ground plane while the
X axis was oriented to the azimuth heading of the aircraft. This gave the

advantage of having forward and lateral velocities parallel to the ground

plans,
The resulting equations for hovering are:
Forces:
¢ - Lo
i
v = Lo
=
a T
w o= % — = g¢cos & sin ¢
Moments :
X s, B sl ey
Ix Ix Ix
M(t)=@9;¢;*.. =y
L, I I,
N o
(t)__,_IXZ & _22;9 o
IZ Ale Iz
Report No. D181-9,5-005 Page 8
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where 3
a. All angles are in radian

ISR il Iyg I, and Iy, represent the moments of inertia and

%
product of inertia respectively.

Te jl” j29 jB represent the components of the total angular
momentum vecter along the X, Y and Z axes.

de T iz the thrust in pounds

e. L(t). M{t), and N(t) represent the reaction control mcments

pound feet.

Gyroscopic Effectss

In previous low density configuration studics of airplane hovering
and transition, engine gyroscopic effects have been considered of first
crder importance, For the -007 and ~009 assault transport designs the large
airplane moments of inertia decreased the importance of the engine effects.
In the computer hovering studies the pilot was almost unaware that gyroscopic
coupling existed in pitceh and roll., Figure 1 is included to indicate the
gyrcscopié angular accelerations developed in roll and pitch due to é andtg 9

with engines developing maximum power and duct rotation equal to 90 degrees.

REAC Studies:

The "hovering flight" conditions have been investigated for the
D-181 designs 007, 009 and also a 009 modified design (which is that as
shown injthe three view drawing). The assault transport VTOL ducted fan
designs were investigated for landing and take-off service conditions. The

primary purpose of this preliminary design study was to establish control

Repert No. D181-95-005 Page 9
CONFIDENTIAL




CONFIDENTIAL

B E LWK#&/; CCAPORATION

force gradients required for the reaction control system in roll, pitch and
vaw and thus determine the reaction control design feasibility for satisfac-
tory hovering and transition flight.

Evaluation of the hovering stability characteristics and control
requirements were carried ocut principally by analogue simulation. The com-
puter set up was made on the basis of linear and angular inertial equations
ineluding the gyroscopic effects of the engine. Provisions were made to
introduce simulated reaction control quantities from a stick-pedal arrange-
ment into these equations. Similarly the output of the computer was pre-
sented to the pilot, on two oscilloscopes, thereby giving him aircraft
attitude and velocity information. During the tests random gusts were inter-
Jjected by the computer cperator and the resultant pilot and airframe response
recorded. : s g

The stick-pedal mockup provided with three potentiometers to
measure electrically the angular displacements of the controls. Since the
reaction controls were assumed to vary linearly with control displacement
the electrical angular displacement signals were merely amplified to the

desired level and fed into the computer problem as angular acceleration, i.e.,

L)

T s etce

* In testing the system the computer was first calibrated for a
given weight and control level. The pilot would then "hover", first with
no gusts,followed by simulated flights corresponding to variant gust condi-
tions. Since the gusts were considered to give pure couples the only dis-

turbance indication available to the pilot was a change and rate of change

of attitude. This partially accounts for the pilot's use of the

Report No. D181-545-005 Page 10

CONFIDENTIAL




CONFIDENTIAL

B E Ll(y%f‘(%%ﬁ' CORPORATION

"atiitude" oscilloscope as a primary information source, Several control
levels were used with each of two test weights. 2

During the tests the airframe was disturbed by random pulse
shaped gusts of one second time duration. It is felt that pulse shaped
gusts are representative of the most drastic type that could be encountered.
The resulting variation of uy, vy, 6 , ¥ g and &; as well as pilot re-
sponse and gust conditions were continuously recorded during each run.
After each gust the pilot corrected his attitude and then zeroced his wvel-
ocity.

The computer program was set up such that aircraft weight, con;rol
ilevel, and gust magnitudes were varied. Upon completion of this program
(see Table of Computer Studies) a satisfactory "pilot acceptable" reaction
control level was arrived at from which the necessary forces and moments
were determined,

| In both weight tests the gyrcscopic coupling'that existed between {
roll and pitch was small and therefore only barely noticeable to the pilot.
As a consequence the large moments of inertia result in a relatively easy
Ycontrol stabilized" aircraft.

Rolling and pitching motions were periodic and had a common period
«f 11L seconds for the maximum weight condition and 113 seconds for the light
weight condition,

Figures 2 and 3 show the effect of control gradients on the hover-
ing lateral and longiiudinal dynamics with a roll gust of 50 ft/sec and con-
trol gradients numbered 1, 2 and 3. (See Table II-1). The gros§ weight
cerdition of 67,660 pounds is shown in Figﬁre 2; U, &5 and & are the
pitot control inputs utilized for correcting the gust disturbance. The

Report No. D181-9)5-005 CONFIDENTIAL Page 11
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"pilot acceptable" gradient is that indicated as No. 2. Although gradient
No. 1 indicates better control stagility the Bell Aircraft Corporation

test pilots indicated that gradient No., 2 was acceptable, thus lowering

the control requirements. Figure 3 shows the effect of the lighter air-
plane weight of L2,390 pounds. Figure U gives an indicaticn of weight or
inertia effects on the airplane. Figure 5 indicates the severity of the
different gusts in pitch, yaw and roll on the lateral and longitudinal
dynamics. The tracss indicate that the roll gust seems to be the more
difficult to control for the pilot than the yaw gust as shown in the lateral
;:lynamicse Figure 6 shows the same traces for the lighter weight condition.
Figures 7 (a) and (b) show the dynamics respectively for the heavy and
light weights with the pilot acceptable gradients controlling airplane at-

titude with gust magnitudes of 30 feetv per second in roll pitch and yaw.

Hovering Stability with Power On Duct Aerodynamics:

During the latter part of the studies the aercdynamic effects of
the ducts, inboard and outboard with full power on (see Figure 8) were inclu-
ded in some of the hovering dynamic studies. It was found that, although
the "fixed stick™ characteristics went from a neutrally stable category to
an unstable category, the aircraft appeared more easily controlled by the
pilot. Drift velocities over the "ground" were reduced. This increase in
"control stability" is of course accompanied by greater pitch control re-
quirement for maneuvering. For these tests ten degrees per second squared
was used for pitch control representing approximately two thirds of the

total angular acceleration available using the J-85 engine at the tail.,

Report No. D181-945-005 Page 12
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In computing the duct moments and normal forces, a dimensional
analysis was made to determine possible empirical expressions for these
quantities, Upon determining those expressions that most closely fit the
data of Reference 24, the approximations of the moments and normal forces
wefe made., Specifically those moments and feorces corresponding to angles
of attack of 80, 85 and 90 degrees with a free stream velocity of 0 to
30 feet were calculated. Wind tunrel tests are presently being conducted
at the University of Wichita which shcould result in better approximations

of these quantitiez.

Reaction Control:

From the foregoing tests (with and without duct aerodynamics)
it appeared that a control level of 7.5 deg/sec2 in roll, 10 deg/sec2 in
piteh and 5 deg/sec'2 in yaw was suffigcient for control. In order to pro-
vide these control gradients it would be necessary to provide maximum
forzes of 3650 pounds at the center line of one outboard. duct for roll,
15L0 pounds at the J85 tail exhaust for pitch, and 2250 pounds at the
center line of one outboard duct for yaw,' To attain these forces a sys-
tem of split flaps and plain flaps at the exit of the outboard ducts for
roll and yaw, respectively was examined., The split flaps used for roll
and- the plain flap for yaw control,

The design incorporates a J=85 engine for pitch reaction control
which is capable of producing a force of approximately 2450 pounds. Figure
10 presents design reacticn control moments required for various contrcl
gradieats, Figure 11 shows the forces required for pitéh control with the

varisus gradients, Estimates of the yaw and rcll flap reaction controls

Report No. D181-94,5-005 Page 1k
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required for various input gradients are shown respectively in Figures 12
and 13. Assuming yaw control at the tail, Figure 12 (b) shows the amount
of force required for acceptable control. The moment arm is the distance
from the cg to the force action point. Figure 1li shows the yaw control
forces and moments. developed by outboard duct exit flaps of 1, 2, and 3
foot chords. Engine power is maximum and corresponding duct exit velocity
equal to 390 ft/sec. The forces and moments are calculated for control
deflections up to 25 degrees. Figure 15 indicates the roll reaction con-
trol forces developed by split flaps situated at the duct exit for duct
exit velocities of 305 and 390 feet per second and control flap chords of

1 - 3 feet with split flap deflection angles up to LO degrees.

Transition:

The need for a transition sfability and control analysis, although
not as critical as a dynamic analysis for hovering, is necessary for devel~
oping the aircraft pilot response at low speeds to gust conditions. During
a typical transition, aerodynamic moments and forces rapidly come into play
representing a period during which engine gyroscopic moments become compar-
atively insignificant to those of an aerodynamic nature. Hence, although damp-
ing and pilot control is continually improving, the oscillatory modes must be
checked,

In studying transition, four transition cases were investigated and
the pilotis ability to fly these service conditions were checked by the clas-
sical pefturbation technique, Before putting these problems on a computer
for analogue simulation it was necessary first to make certain sileifying.
assumptions dictatad to a great extent by time availability. With the ex-

ception of excluding duct power moments none of these simnlifications

Revort No. D181-945-005 CONFIDENTIAL Page 16
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seem critical when considering the overall cbjectives. Sufficient data was

not available at the time to determine pcwer on ducted fan effects,

Analcogue simulation of the equations of motion was set up on a
Reeves Computer and pilot contrel introduced therein. As in hcvering the
pilot was given attitude information on the oscilloscopes with a conven-
tional stick and pedal arrangement for corrective measures. Aircraft motion

variables as well as pilot control response was recorded for various gust

Following is a list of the simplifying assumptions made:

1, The aircraft is a completely rigid structure.

2, The reaction control axes coingided with the aerodynamic con-
trol axis. Since the angles of attack encountered were small;
this was considered satisfactory.

3, The initial values of the basic variables & , @ ,ba | B | @ |
¢y and their derivatives are zero,

li. The small angle assumption was made for¢, € ;¥ and a .

5. The aircraft was symmetrical to the XZ plane both from a weight

! and aerodynamic standpoint.,
&, The X moment axis initially coincide with the X force axis,.
| 7. V is small compare< with V.

8., No duct rotation with respect to the airframe takes place during
the probiem.

9, The aircraft is initially trimmed.

| 10. Duct power moments and normal forces were neglected.
Report Neo D181-9L5-005 Page 17
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Equations of Motions

Foliowing are the basic equations used for this analysis. Develop-

ment of these equations can be found in Bell Aircraft Corporation Report No.

65~978=-002

Kh D+K5‘ -D~4>K7 0 0]
Kg Kg D°+Kq oD 0 KgpD
0 0 0] Dlei KO‘ D—KQU
0 0 Kp3D Ky'  DP#K)'D
, 2 .
o 0 Ko),D K7t -Kg'D2-Kg'D
N
Whers Ky == Cp 0
Cp
- IRCPINS B
Ko U, + - *+ —5- sin (x + a)
K. = mgm
3 Up
2C
Kh - ”Lo
T %L
Kg gmco.s (N tay) b
Ky =0
Kg = 0
8 Cp
=2 _-—-—s-:a I'e ]
K.9 IY qu
Koim = _ Omg (S&?.i)
10 T Iy 20,
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C
K.lﬂ = o jﬁm
Kot = ,_g__,
(% Uo
C
1
. - B8
Kat = - "~ (gSb)
3 Ig
C1 e
Khﬂ - __.P., (SEL
Iy "oy,
KSV = ix_g
Ix
C
2
Cr .
Z
I
X
KB‘J = _u_xzz
Ig
¢ Sb?
Kgﬂ = _:E ((g-—-—nxn)
T 2Uo
A
Cn, qop2
Kigt = —= (3=
I, 21,
Cy
KOU = P
S
Kpy = J cos (a+ )
IY
.. J si + X
Ky, = Sl:I[l (a*3)
Y
K,, =J&n (a+X)
23 =
X
_ J cos +
K'Z;_l 3 : ; (G. )
X
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A= angle measuwred from wing root chord to engine angular
momenbtum vector

A = angle measured from wing root chord to thrust line

Coad -— m

' LU S

CLOB CDO = initial value of Gy, and Cp
mUgC 5 Pitch Reaction Control Momeat
G3 (t) = IYT th ue *
Oq IY

1
P (8) = (FOy,) 5,

i

Py (1) nUgb . 5 , Roll Reaction Control Moment

i

mU, b ( Ub . ‘
o ) mUo 3 Yaw Reaction Control Moment
F3 (t) {IZT n27 bI" +‘ E“'I ba +

r a IZ

The above equations were simulated on an analogue computer (see
computer - transition schematic) with thé control parameters being generated
by the pilct using a control system mockup. The pilot's primary presenta-
tion consisted of a bar on an oscilloscope that moved up and down for pitech,
left and right for sideslip and tilted for roll. A secondary presentation
gave the pilot yaw information. One second gusts corresponding to 50 feet
per second air velocity were introduced by giving suitable angular accel-

erations in yaw, pitch or roll,

Report No., D181-945-005 Page 20
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The following points of possible transition were taken as test

pointss
‘ £t
Case Uo Sec a,deg A,deg T,lbs Weight, 1lbs
I 118.7 8 80 51,413 67,660
I 22,93 b 80 67,660 67,660
III 122.9 8 Lo 7,660 £7,660
v 170.8 L Lo 67,660 67,660

In making the above analysis the reaction control level was taken
as; 10 degrees per second? in pitch, 7.5 degrees per second? in roll and 5
degrees per second squared in yaw. To these reaction control angular accel-
erations was added the aerodynamic control angular acceleraticns correspond-

ing to the initial U, involved. Since AU remained small, this was quite

e}
accurate. In all cases the stability was improved over that in hovering,

and with the exception of Case II, the control improvement was readily recog-
nized by the pilot. As in hovering the gyroscopic effects could hardly be
noted. The results of three runs of Case IV are shown in Figures 16 to 21

inclusive illustrating the ease of control stabilizing at this speed.

Report No. D181-945-005 Page 21 -
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Aerodyr-mic Control Derivatives Used on REAC Transition Studies

Rudder:
CYS = ,00378/deg (a =L & 8°)
=5
Cpy = -,00155/deg (a =L & 8°)
Sr
Elevator:
(cm8 ) = .00695/deg (o = 4,0)
(CmS ) = .00576/deg (a = 8,0)
%a
(CL8 ) = =.00268/deg (a = Leo0)
Yo
(Cr,. ) = =.00218/deg (a = 8.0)
ﬁe
Ailerocns
(C-L ) = ,00129/deg (one aileron -a = L & 8°)
53
Adverse Yaw Due to Aileron:
Gn§a = ,00L3/deg (a=14)
Cn = ,007/deg (a = 8,0)
5a
Report No. DL81-945-005 Page 22
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PART IIT

STATIC LONGITUDINAL STABILIT

A brief study of the longitudinal stability of the ducted fan
assault transport has been made to determine the horizontal tail size
fequired for an adequate airplane static margin. The horizontal tail was
designed for an approximate static margin of ~.12 for the low speed and
1if%t coefficient range. The aercdynamic data necessary for the computa-
ticns of the pitching mcoments are presented within the body of this report -
such as the wing and horizonbtal tail 1ift curve slopes, dowawash, and the
destabilizing effect cf the fuselage and ducts. The most aft cg has been
used throughout for the computations. This cg corresponds to 17.6% of the
wing mean aerodynamic chord and represents the fully loaded weight condi-
tion. The deviaticn in cg position betweenr the heavy and light weights is
exactly 1,0 inch. The assumption has also been made that the center of

pressure of all surfaces is at the quarter chord of the mac.

Horizontal Tail Geometry Characteristics:

The norizontal tail geometric characteristics are shown in
Figure 22, Horizontal tail area is 310 square feet and is 25% of the refer-
ence wing area. The leading edge sweep is 13.75 degrees and the taper ratio
equal to .52, The aspect ratio of the horizontal tail based on the leading
and trailing edges of the horizontal tail extended to the center line of the
fuselage is L.35. The 1ift curve slope of the horizontal tail is based on
this aspect ratioc,; with reductions in 1lift curve slope due to cubouts and
interference based on AAF TR 5167, from Reference 25. The 1lift curve slope
for the horizontal taii is given in Figure 23 along with the wing and
vertical tail 1ift curve slopes.

R(‘.‘pOrt' Noe D181~9115"'005 CON F'DENTIAL Page 2;4 !
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The fuselage and wing characteristics can be seen from the three-
view drawing.

The static longitudinal stability was determined by summing up
the varicus contributions of the airplane components. Perusal of the slip-
stream effects due tc the inboard ducts indicate a negligible/or beneficial
effect for steady symmetric flight conditions. The following contributions

te the longitudinal stability have been considered for the airplanes

(¢, ) =1 ) + (c ) + (¢, ) + (¢ ) + (Cc_)
Mg m m m m m
A ap aDin a’DO @ 4T ¢ W
and the static margin is:
ac
m .

s, = (G ® (Cp)

A |

Fuselage and Duct Contributions

The fuselage, inboard and outboard ducts (see Figure 24) were
the only destabilizing components and were estimated by an empirical

expression given in Reference 22 as followss

3
o - £
S h W
(Cp ) = .o1658 (K") - |7=.,13T. L \/,3_
il I ksc)re ho W
S i
(On,) = 0168 (k") —3—?—-
Se
(& re
Report No, D181-945-005 Page 25
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Wing Contributions

The wing contribution has been estimated by the following

expression:
-
X
C = ——— ¢
( ma)w c ( La)w
-
Wheres x = distance from cg to ¢p

¢ ™ wing mac

The contribution of wing, fuselage and ducts is shown in Figure 265,

Horizeontal Tail:

The horizontal tail is computed by the following expressiocon:

- ag Lur
(Cp ) = (Cy ) (1 - 3@ ) \§; ey
& HT * HT

where the downwash has been estimated according to Reference 18. The
variation of {1 = %{) vs (*) is shown in Fignre 26 for M = O and the
horizontal tall contributicon is shown in Figure 27. The variation of
dynamic pressure at the horizontsal tail has been taken as C.9. Thrust
moments have been neglected and be=n assumed to effect only a trim change
on the airplans,

Figures 28 and 29 shows the stability respectively of the AT

dacC
sirplane in terms of G, as a function of M and CL and static marging T,
* L
s a function of M and C;.
Report No, D181-9L45-005 Page 26
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The reference aspect ratic for determining the 1lift curve slope
of the wing has been taken from the center line of the airplane to the

center line of the outboard duct whieh corresponds to a (CL ) of equivalent
[0

aspect ratio of the exposed winé panels with body effects considered. The
vertical tail has an effective aspect ratio greater than the geometric
aspect ratio dus to the low position of the horizontal tail and longitudinal
location of the horizontal tail with respect to the vertical tail root chord.
The ver@ébal tail span is defined from the vertical tail tip to the
herizontal tail plane. The horizontal tail 1ift curve slope was taken as
éhown in Reference 25, which indicates a reduction in 1ift curve slope due
to the presence of tail cutouts, gaps, etc,

The Mach cerrections were taken from the simple 2xpression in

Reference 26, and are funciions 9§ B= V 1=M2, A, and aspect ratio i.e.:

C
L .
( a>h1 » A+ 2 gos A
o AB + 2 cos Al (CLa)
(L') M=0
M =20 .
Repcrt Nz, DI8L-945-005 Page 27
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PART IV

LATERAL DIRECTIONAL STABILITY

Directional Stability:

The étatic lateral directional stability characteristics of.the
VIOL ducted design were examined for the more pertinent Mach numbers and
1ift coefficients anticipated in conventional level flight. The following
sections give a breakdown of the preliminary directional and lateral sta-
bility of the VIOL airplane. Throughout the service flight conditicns

pogitive stability is demonstrated throughout.

Vertical Tail Geometry:

The vertical tail has an aspect ratio of 1.82 where the span is
defined as the distance from the tip extremity to the horizontal tail june-
tion., Ratio of vertical tail area to wing reference area is 0.187, and
sweep of the vertical tail leading edge is 25 degrees with a taper ratic of
0,297, Vertical tail airfoil section is a 65A series eight percent thick
agirfoil = identical to the horizontal tail. A sketch of the vertical tail
geometry is shown in Figure 30. Figure IV-31l shows the 1ift curve slope

of the vertical tail based on the wing reference area of 12110 square feet.

Fuselage Contribution:

Fuselage duct moments were estimated according to an empirical
expression as given in Reference 22, The expression is identical to that
used fer the fuselage pitch instability, but different areas are used - i.e.,
the parameters are now in the yaw plane - the bodies still destabilizing.

Calculations have been determined for M = O, and it is assumed that the

Report No. D181-945-005 Page 28
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Mach number has null effect. Due to the wings high position, the inter-~
ference effect of the wing body combination contributes a .stabilizing

effect and amounts to Cp, = .0002/deg.
B

Wing Contribution:

The wing contribution to C?B of the airplane was estimated
according to References 9 and 26. The latter reference indicati:g the
effect of Mach number. It was found that the wing contribution was very

small for the low 1lift coefficients., The expression used is as follows:

n 2 el tan. A _ A A2

(¢ = —— - AL =

“nﬁ)Ma-so ‘L (c 2 A(A+h cos ) (cos 2 B coan
A

A

the subsonis compressibility effects were estimated as shown below:

C
< nﬁ) = @4“&008_/\- (A‘ + 1 AB cosa_ -~ 8 cos __A_) < >
EE?‘M + || cosh + L A cos%ﬁ,* 8 cos 25

Vertical Tail Contribution:

The positive contribution of the vertical tail to the directional

stability has been determined as follows:

CCES)VT ) VT KS ;) W V) bre

Report Wo, D181-915-005 Page 29
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The 1ift curve slope of the vertical tail was determined from Reference 9
and corrected for subsonic compressibility effects. The above reference

also includes the end plate correcticns due to the horizontal tail, The

o
tail effieciency factor Ny = ( - f%g) (%g is 0,9 throughout the
Q

analysis.

Airplane:
The total airplane stability is a summation of all the components

and thus equal to:

+Cng)  *(Cug)  + (Cny

i vT int W

The wvertical tail has been designed to give a positive directional stability

level of approximately (Cnﬂ)A = ,0015/deg. In all cases the airplane shows

positive directional stability. Figure 32 shows a plot of the contribution

of the components, and Figure 33 the airplane directional stability.

Lateral Stability (Dihedral Effect):

The airplane exhibits small positive dihedral effect throughout
the complete Mach number range. The wing incorporates approximately zero
geometric dihedral angle. Wing contribution in itself exhibits small posi-
tive dihedral effect. The high wing location of the fuselage and the verti-

cal tail contributes the largest positive stability effect.

Report Ne, D181-91,5-008 Page 30
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Wing Position Effect:

Although the contribution of the fuselage alone to 0%8 is usually

negligible, the interference between the wing and fuselage can greatly alter
the value of C; . This interference is such that the high wing location
gives more positive;(wClBk effective dihedral. The expression for the wing

¢

position effect is

(01)

Wing Isolated Effect:

The simplified theory of Toll and Queijo (Reference 8) is used in
cbtaining the wing alone contribution to the rolling moment coefficient due
to sideslip. The expression includes effecfs of sweep angle; aspect ratic,
taper ratioy; cg location and the adaitional increment of rolling moment due
to sideslip which is proportional to the 1ift coefficient, The total deri-

vative of the isclated wing with zero dihedral can be expressed as:

Cl . SZ-; -
‘ _ B) L + L i
(clﬂ)M=o = (EL M=Om (%"ljﬁ (f; + i zz:i> (ta; )

Figure 3l shows this contribution as a function of Mach number. The sub-

scenic compressibility effects were estimated from the following expression.

C /G
( s - (_A + ) cos-L ) /AB + 2 cosA- 15
Cy, - \AB + Ly cosA \A + 2 cos A Cy . o

Report No., D181-945-005 CONFIDENTIAL Page 31
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Vertical Tail Contribution:

Preliminary estimates of the vertical tail effective dihedral

contribution were estimated according to the equation given below:
Sy ac\ /T Zy
€y =) (3 -2 () (5
/B VT & y7 ref. 'B qG ref

Small negative values of Cq are desired to improve the dutch

roll damping characteristics whereas large negative values are desired
for the spiral mode. Thus a compromise is required between static man-
euvering lateral requirements of positive dihedral effect and the dynamic
lateral requirements. Zerc wing dihedral has been incorporated in the
design to give a small positive dihedral effect. Figure 35 shows the var-
iatien of the airplane dihedral parameter with 1ift coefficient for M = O

conditions,.

Inboard Engine Out Trim Speed (¢ = 0):

Roll trim out speeds were calculated for one inboard engine out
condition with wing trailing edge flap chord ratios of 25 and 50% and flap spans
of 30 and 95% to give an indication of the typ= of aerodynamic aileron
control that may be required. Figure L8 shows the roll trim out
séeeds for the aforementioned aileron span and chord configuration. Although
the 50% aileron ciiord ratio is fictitious in the sense of practical design
an insight as to what can be obtained is demonstrated. Reaction roll control
moments are fixed for a ¢ = 7.5 degrees/se02 (equivalent to 140 x 10° 1b ft)

with the wing trailing edge ailerons deflected 20 degrees.

Report No, D181-945-005 Page 32
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PART V

DAMPING DERIVATIVES

Damping in Roll:

The damping in roll derivative Clp is the change in rolling
moment coefficient due to a change in rolling velocity. Large values of
this parameter are desired for good dynamic stability. The wing gives
the major contribution with the vertical and horizontal “ail being of a
second order nature -~ and these are g2nerally unimportant unless these
areas (and aspect ratios) run comparatively larger than conventional
design dictates. The total damping in roll consisted solely of the wing
contribution, with CL effects considered negligible, Damping in roill
as a function of Mach number is shown in Figure 36 and estimated accord-

ing to the following expression:

(6, ) = (e ) s ttces
D I (32) A + L cos A

where:

45 = section 1lift curve s1lope

Corrected for compressibility effects:

A+l cosa
(Cy ) =
1p W AB + I} cos A
M
where:
B = V/l - M2 cesé

Report No, D181-945-00% CONFIDENTIA L Page 33
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Damping in Yaw:

The damping in yaw, Cnr’ was estimated from the contribution of
the wing plus vertical tail., The tail contribution is of the greater

importance

Figures 37, 38 and 39 give the contributions of respectively the vertical

tail, wing and airplane,

Damping in Pitch:

The airplane damping in pitch parameter is composed of contribu-
tions from wing, tail, and fuselage. Since the wing and fuselage damping
are small relative to the tail damping, conservatism results to assume the
airplane damping in pitch is equal to thetail damping in pitch. Horizontal

tail damping irn pitch was calculated using the following expression:

2

: S 1.\

- HT b

Cp ) = (Cp) =-2(C;) (3 \> <;ta) 57.3
q gr 94 ® gy Tref c

Figures L1 through LL show respectively the derivatives C1.5 Cy 5 Cy
r P D
and CY required for the transition dynamic stability studies.
r
Estimates of the power off aerodynamic characteristics of the

ducts are shown in Figures LS through L7. These estimates are based pri-

marily on the data from Reference 2.

Report No. D181-945-005
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PART VI
SYMBCLS
CL . Lift curve slope
o
GDa 5 Drag curve slop=s
Cn > Pitch due to angle of attack
a

Cra_y Damping in pitch

Ggﬁ . Side force due to sideslip

Side force due to rolling angalar velocity
& Side force due to yawing angular velocity

Ch » Yaw moment due to sideslip

B
ang Yaw moment due to rolling angulsr velocity
Gnrs Yaw moment due %o yawing angular wvelocity

C1 {Dihedral parameter) roll due to sideslip

qng Roll due to yawing angular velocity
W

5 Yawing angular acceleration
b Rolling angular acceleration
] 5 Pitching angular acceleration
m, Mass ¥
Ixs Roll moment of inertia
Iy, Pitch moment of inertia
L, Yaw moment of inertia
Iios Product of inertia zbout x & 2z axis
Lo Roll radius of gyration
Koo Pitch radius of gyration

Report Nec, D181~9,5-005
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Yaw radius of gyratiocn

-2
T, ;ﬁmﬁ , time corversion factor
D, d -_d , differential operator
Ll
py —B_ , relative density factor
1/2 o Sty

u, forward velocity ft/sec

vy . sideslip velocity

W, vertical velocit.y-

B, sideslip angle

¢ , pitch angle

¢, roll angle

Y, Yyaw angle

% 5 angle from wing root chord to thrust line
b, wing span

J

5 angular momentum of engine

-3
©

thrust

Report No. D181-945-005 Page 36
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Figure 2a. Wind Tunnel Duct Model
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Figure 9b. Wind Tunnel Duct Model

Report No. D181-945-005 CONFIDENTIAL

56




MODEL

—181-945=005

REPORT.

SHIP.

A

i

TR FEt B

T

0

E

DATE.

Y.

I BEL Mm%conoumu

DATE

CHECKED

“t;

i
K

JEsiizag

|1.| Tt I

Wi

Letmd BRI IIIEEES




PAGE B
reporTD=1.81 =9/ 5005

MODEL

SHIP

13t

-
=
= -
-
=
-
=
=
b !
O 2 .
34 H
ted
1 I, :
| | ; )
“/, M t :
b o : s
| % 3 : i e
e HEE I ariie 7o
+ ¥ ||.|I-|1-T..|
”Ilm. ] H “ ...1. Il_H1 it
el I ; :
| . fhe s st FERed b e
FrH e e e
* i § - - -
S e nnamsaiE iliayes Maaaeen - |
1 FHt s
mine b RRESS mn i ihee i
SEHEARIES s
et FH e e r
.__”.. o - : -
. § s 4. [
¥ oo [ e
a8 - d “m.Mm" ;
| | & i 1
T
T
Lal ..u
]
I
I

=]
: i
: =
7]
. “ __H e 2k .|m.__._._ m
L T
| e e T otk 2 2 i it rr T
e sl - i LT  FPT N A PRLN B ERE AR AREEY S RA fmananana
n\ -




s W U

3

2
-~181-9

-REPORT

MODEL
aHIP

|

8 E i. Mmr% CORPORATION

|
:

DATE
DATE

Y
CHECKED

=005

st

I35 5 st

e

I

151 125]

T

AR

: n

HEgk:

-

i

H

4 {1 s t5E] ITREL

1

SR

T H

it
TEEEH

FEpEE EET

e

HHG

55

as TRSETFTRRTRELTIENS

Tl

i

T

143

Iz

Begagiaas)

PfTF

1

R

=

i R I

TTHTEEE

e
ST

=+

REGn
=

e g ni st By

B

2

el ':'" 1Il'l'

ERTs FEIE

8 b E A e
T T
e

S TEEM $5EE1 SEETS B

i

=L LEEETTS

v

T EEEE

W

T
r gt

i

=

44




o
P
w0
(o]
: m T 213 R “.. = TIEE; is: 1 __ - ¥ [aassshes
S R i S A
2w s L 1 £ 8 Yy el i e -
_ FHE : it T : I I A
o i s R i SRR R
0 ! L AR ; IR BEREEsRH esini (EE
i HiEn : - - 1 =4 feps TR i
i i HHTEgRCpE L R b T
uo ninnn s drmaa - I Sy laiE]e e L e B m ek & R
m (4 i il . 51 {318 et - ! i Hoih FHHER 1 T
o 1= mriE T = : H (nE el L SOHE T ¥ H
g g aat BHEEE eI A AT = o 2 Sinan e .
u 35 S s T e R it T _ i H o
-6 m B IEs 8 1 Izis =ik L ey et fe——— A . 5
L4 i) T S HER R ..._1 : s Ay roras syrETEIEAE
I EEESEISTSt Hhgasne I 1 H HifE FE g RN
=y e i b - % Z I T 1 e i 1 1
T HE RS b S Tires R !
s : ] T S i =
s T <8 fa - T T =
._uu. - m e ._. ] T._._ apery FHE e
I T T = i ¥ 11
._ T I T i } ST T , L
o ”_ﬂ - X Semp N pen g m HHH i ohes!
= { rrTrITEE: i £
c & ; H b I HHERT T HH e _.E
o % S aaREIR R e Eiassiaiaiaias praran - HHE e shed
: Erfa T It » 252 ol s b eyes okt
— vz / : 3B R HEp s R e e
T i e T = 154
) Ep £ i R IR HH BHHE i
= “_ - ._ T T a.— gt Ean
s HH ! HHH ot ie HH TR i
= 2IE0AL R A S : 47
" Etei e SRR R R 3
= HHIHE HEEHEEEH E i
. I .-..-._ T r ooy 11 m
1 ganm, ragm Fri
S 5 i i s
N 1 = Th HH rr LT L b T bt wmmmp i e T
1 H A P R A T TR B F TERaeird
W i I i L e s et A R
Ie) 4 el IR : = i iy TH BE
1 S ih B 1 - . - pess - =4
& T —— t iand it aind: x_.." Hhﬁu.:u
N I : ! EEEEE T E aingrae
= HH I ThE h i3 b ST
3 izt TR S it : tH _ St
i adats i e il s Y 18 ! HEHHHHHE R
el SeSIEIEs et aias i e Eniat S HE : H ] cLess Eebiiates
= j3E! . 3 R s STRIITEIAIE e =2 d s 21 B ST
£ o =] ] SHHHOR TR R T T it
L H I 3T S I EiIRE I T P ekaes =n
=t Tl 3+ : HrHsE e e jEIe Fha i i HHHH
CopHHHEE : Tl I T mraE s ! . 1ai1 HEs e
- PR mE EAT alanalir e = i i ETERE Y T s i
5 T b 7] ¥ o 15 e 3 L IBEREiES T E Peted
sttt Mot el D S e TN HE T L HiH _ H B
& _q I L .l s e 1 H4 2 _._L_ i w. I3 I IRt i THET
= 3 T ' A ' I ke
a4+ H e e X T i=liE T T T aranimaninen, | et
: : X HHH = It I = ¥ i ¢ -3 T
I 2 . n rH k] T T ¥ e = - HH aka
3 Heldis " i siremd wan T <t : HHH : et T
! ' TH Ho |._J|. frqraeiRie T ..qu i I HHE 1_.1 T.. 3 H a asatay
1 : o 3 HHH TH HIFT R e - 4]
yyEET i BHaE HHEER ok : == ¥ L ki tita it iaes
T - b i T 5 : HEHHE I : e be
I _ IE i : “ HL : HEH e i HERE
+ 3 T - : BE T ._._ a T
HHE s i I M e : iaadsini THAT T :
¥ T 1 - P ' - - E WS PR
D T H L T o] 4 : e 4]
Tl * T I T - ]
I F Salals I ! I B T : s
- =qqr i oy - s r HHE
T T . E : I T B T
E = oA % T HEErrtets TTinioea: tant
._r : - m mm + Fa | wrp 5 w = .u .. s HH
iR HHHH : I r
RO e R HHEH ik HE HEE 3
b o AR 3 e L} Y 1
e HE T ._...”.._.._n....... ISia 1 i I FEHE R E T ¥
o e A ¥ : F R : + t
it [ el N 8 haa - T Lh mupm i Tt
% T piane TEEHLE T T o titl
It} T s G HIRIAE B : % i, BT 1EE e HIETELL] TEa L FHEEEE] Fraay
al } iniialiils, TR T 1 ; } e Sl
AL] } T - wE ¥ FIIE] ¥ | .
e 5 raei TR sl EES e ﬁm” : HREHE T e REgHERH: t ¥ e
sl ksl RN R RR i i FHET R
: ol e e R e e r e T e T R T
. .




e e Do e e - S

'ﬁ
|
a
|
;
1

HEEHT

TEH

PAGE

61 i
e rErorTD=181-0/ 5005

e

TR

I
:

HEE
e

MODEL
SHIP

FEREE

13

H
a5
33

is

ULE

v |

i

7 CoRFERATIOR ;
{

1

P

Feays
3 g

:
R TR

i
ts
)

7
B

L
T
sge

!

§

i

§
T

T
=

“;i

e

Higini

i
1

DATE .

DATE.

+

1
1

SR

CHECKED
i




£1-945=005

62

PAQE
-AEFORT

FERATION

pna

CHECKED

BpUNOd Teiond Dieoasny Ae
padOTsaAR] @040 MEL TBAOL

S

3 :.t|:1:|:;.'

e
.l54ll

TEEET

950 pUncd
Juewol Iuimex

F EEEAE AREET 3




s ——

=005

PAGE
REPORT

i

T IR |
B T = T T . e - s T nm
HI_ " i : - : o i _n. £ : T wu..

! H HH i i =.
HT IH H ”* 1 =nn SERREiEEE T : 3 : H e wmnll.
T 1 v ¥ e PR HS e
Frplialiom I m— S B o = Fis

] H 1 L HiiE
L T : : : Bhpepne 3 ETF i e
AN pa Il 1 E t -
raat IR T = - - I Y =8 Taed 501
i : _ Hi Sk R =i s

= =4 szt : 1 I a1t H Tl
Rt TER = : 1 T e e prd
H N : A EHfH R i A eet] e

= ins -] ] 1 TH T EHEH i
g SEii s e T i T
Hte i e E ELL 3 e : t i b3 =1

fiha g ul =
.._._ﬁt.._l.”!_._. ..... 5 e miaf aemaans I =
HE S i : : £

b 1

s

e

MODE!
SHIP,

i
I

FAmremanamEe

i

0
CORPORATION

rrorgss

3;,' T

2
i

BEL

PRON—

DATE
DATE

BY

T
&

CHECKED

dEEsasisas
i

il

2

b

i

A

Py

I3
b

LD

it TEEs
¥ i R RNt
bt - ]
e S T e
et gt
T ; - o 5]
: [ e it
: TR H
: : S
1 pae T
B H
:
s gl
i
+ T h -
¥ T Tt
] ; T
I§ :
! I ATER AR
e -
£ :
P :
[ .
SiaH SR ; : :
. b : - ST
L T T T h.u.-. E
=] T : Fai
p= i ¥ T + F
¥ et ama s duEt
e ! o = it
i e : A e
: : R LR Oh -
1t T T T herml
i T r Iz - =
: [ = i
HE i

4400}
HO00
3600

8
£ 8

:

2000F




_J'l".

I
S

Zif"l%— z

=

Tl e Lo eh ey A
T . B e e R
i i I TN I ERE IREY1 i } Ll | N .  onsd
d: i s - e T i . T I.ll.....— : 1T :
N e s R iy i
[0 S upe seant 48 RISRINS oot g S : T |1q;....... WEISE B S !
TN IR e i et e 6001 O A il LT LI S .
(et S A i e T R il | : iq
_ it ar-ar LD oo I e | (LA Y 1] N R
(T ; T e M e | t } : | m i
- 1t .frrrr_l. il S B B S R HEH AL el L e
o " “ ; _ R Al
el Pt | ..-|||.|.|.|1-l| ./m[ —~ f..l.”lrtnlm i
] — ffris y
o _Vlr.r - JJF._ nns S i 8 w .a\tl
— 4
¥ 3
i I
e S !
X i
A Il ,

e

IT

F I EEEECEEEECELEE o r
X {
& \‘ SX

"EECEEEEEER

j
as

e

f
=
i _'L']LJ.
VO i 170;8'/880

ek Fakak
£

=
Bt
=

|
-
1

Seetosrea e

= e e

3 50l/de

I
58
|

]

|

-+

=
. =3 -
EEEESESE

(_J

=

ol

l |

£ e

o=
by
T .
BEEE, _

Ij'_ii ]

- -

=

esms
§e
|
i
|
4 X"
\

EE

=
EE
f

Higs

=T {l‘/ [ ]

NS e NS

=en | b

y— : hE it = ! -

T L4 IR Lo B s e o - 1

7 o _lx..rT.l— - = - - el 1! H I 7 J8

N ikl i ~d | 1 | o i

S llvam et et 1 — i | - E L ot S G B B

e WL T —— — RIE . :

e o O i | i =l T

S e e L HH N i RN W = <ol

Pt o %] DR s | ! [ fal -z b i il ) Sl /] (nfiires T

AR T = 0 . 0 0 O s oo i =~ M e e e s

earmg 1 . | | 1 | ! M 0. —t Al | o

/&mﬂm SIS | ST e R RS S50 1, ot N o MR R LSRN o SIS _a_x.rx 4

SR T Ll g = | | Ml ! HH TN I AL e e ot

00 0 = ) O T g 0 O i 1 i A

i LB TR o = 11 | g BEad i | | | i T | ,

o NN bt :.\»\ﬂ.rl.lj. | Sl ] { _ ! il _ | _.f.. | 1 et e 1 ,;_ [ vt e

1.;..1} S _ %\\ﬂ, m Mttt 3 ; JJ : . |..ul.|-.—-....1. R R I ] "1.1 s ts\\x R T “ it \:“

IMII [ R (B B ens - s S AL AL IS RSN R S R S LT T | AL B /:.,:_I:I. I BT : g

“ = R TG iR | | | Tl T IR ] \ : 1o

A H LIa ' 1 TR . i ¥ i i LI i
= R AN e i 0 it N AR GPH ] | (11 TN el il i Tiel
, R o = AT e o e I o et G T S M b R ST S 1 B ey UM M 08 g
el i) Mo ojoo . R LIS e | HEH I ﬁ.ﬁ Ao M I T, LU ag !
i o ittt s B oo R SR ey O R ORI ER oy S o ALY 0 SIS B R L ETr
RN DR 2 AT | SESH I pey Y lEaot | i perpo1. | 1 i} 11 ! 1l i i
Dot e S| JEEH I oIS 5 5 P O L] T LR i) R, T _ .__ ] AR B S, Pl JERS AR il BT R
! NN vl o e ol T j T NN ‘] HEY | 1 i I H Tl

- l i \m i g ' I I _fu_ { W | Pl i
hrtead . A L s S l\l\d. ] it |_l|.l|.l|l. it | e | 1% ~ —

L AT 705"_.. LR e (1 {HTE T, [ 1A Fil il 1 T oS | pes drsl g
[t : .6.|/rr|\| ».. jlﬁ 4 ! ) Y,\l\-\\”\ rljlfn "I | T .-..I[_I.Ir _ o] .|rr.ﬂ.I-|.| _ 1 &.JT.J ,.. ] _\\
Wi, i iy { I i R 1 1 ¥ | i\ L TH ! 1 ol 3 ;

e 4 B T o i A [y S RCER N NS, o A CCE o e I
R J ' e N ~ T . Bl v R 1 4 .. [H il U t .l 8 ] *

e 0 R L G (1 TNy S N 5 4 o 5 Gl 6 I it S N SO

il R e T AT L dob o LTEET feilh [N A H {Lf1 A IRtsa e It Jom 1
f haane SHE et ey g St L] Pt N B P LRIt oy =] I__!ll T e (G LY

dtlnt B T o g o . e — 4 1Tr it S 1 = Uiy 2 [ , ¢

Lol el i i) L o Bl \._ Sl

W .,I.I.J-.II S | MR g Ml ) I Sy J/}[Tr | _ i I H i ._” x foe | fw..._l_lxﬂu Hdiy xJ\ g

SgH dil' o L H m ; Rl R (O T . ] (R O -

P THT7% 9 TP ST 7 R ) LT (T T %!U;j Tl i

CLE A o co P i I G = K e O AT g rrer B o AL B g il

R O B B R e o O R e v v e e e 1 R A e :
Pt el I e U e e = et | f Hhall [~ il Mt -t r

7/.5;.1!"1 4 e Al ./J/;...r. A L D .\\,\ //_[’__ | LI-|~|11. & l bl | JLi ,./.,l‘_, : iw‘\\.\.. nA.

bt i Ihiffhe i Hptia K I i i I i L AL =
._#“_..“.__ 3 1 /_f_: - - \_\ T I.LJ..\ _..f_.r : LS [T qi I i e o .\_ ._‘\ 3

T R, B S S O Nkl |t s SRS il i e | g

3 gy ' ' haoi Ll e . i =] ey 7 e i '

g LR _ s ey AN . B pITES i Al i i [ L H LR
T T e S -|\4\L R 1) 1 _/..[F_.r (R NS oy e T bt
i 3 ¢ T : 4 | Ly ' i | i _ [

ey U L) [0 DN NSO SeC SRIRH ' /rl_r:vl ; mrrr Iy _ | el ) ... NG ...., _\u_ 4

= - ] — i il . v, TIAPR Y | N o T




!

7

== S et ==

SRS = =a=1-

L
il

=

L —cooooab=

LAEREIR

s

1' --r ——

B

+

LBl |

o 4] ) .
TR 5=3gmaet oo ey R

| _|ﬂ.

B e s

LEEE 1S) ELLT AR

_ T

e T 17

Vel ey lage et

i
~ mm":.._l_" __

o RN
HHAHU T
it o ) R
_ 8 0 O
e il

1|l

il
.g..lj.....-\r
.__._._..ﬁu.”.
m....
i
103
2

YR

i3

AEFIQH|

Vo = 170.8Y /sec

brE

B EEETT

. 5;:4.,@. o

h=
!

Eemme g

ELEEE

ENTIAL

,'2'.

b

=g

EEEESES= =-oo=—r
=

=

=

Tl

[
T
it
g T
T 1 i
] et
| .___.__
1 e LA
1y _."".
T e T
s i |i
HisHH
14
|| 1
it
i
e
|
|

=

EEE

==

CEEEERS

EEE

1
=

EEscaus

RN,

1 Mo
i | _._ i .-ﬂ...

- : |
i ) B A e
. il BN AT :.h._._,
B pua S WARNESNCE S |
T L il
L] RN ) 1R i e
1 IR
Thes; 1 EH) LRI BENSSS g
S A
WK e e i et
| T it
i IS,
1l

=

i_

2
e

22

e e S

B

LoD
Fae I} i il
S A
BT il
1L e s e et a6
d | L
TR s RERE] JRSA1 RS S
JEEH TR SV AR R
T e S EN HREHEH U g
(AN |
| T L
e ot ] L] R JHRRN MR
| T |
e g HLE] e $T
| — e e |
ol ¥ .-.|1...
B s L WSS E ey TR
S
e L] ¥

Tk

EEEEE

=

l

==

ESEEENNES

LT
141 e
] il
W
pyn 1 1
T |
sed REASH FRERAIARRD B
He ]
iR
<l BRI
I I

SE
=

__T
=t

=]}
|

EEEEEE
r

:

EEEEETE

ELEEE

=S EEESEE
fE=- —amencE

SEEmE= e

[ s S

i

et

it |

|m.".rr L B
1

kot 11

- |

Silsin s

| '_'Il'.:.

EEE TP PR, | PEE P

TITE
=
=

]L;' e i '-'."_:..'. =

=

==
2

[
=

=SS

EEESE SRS

rr.
[l |
i ! -
T Hilhi
| L8]
1215 W) 1 415 5401
Tl T M
| e
S
B 51 B T
(il
L
_nu.rr..__ |

T

TR

=

=
e
e
e

== —1l
= =
'%E:—f—ié;-‘n:.

EEEEE T EE e L E U EEEERETY

CONFIDENTIAL

i 1 1 i )
e
T, Bk AT, mE

T8
il e

H
e
iz
Tt

e e B s e Ty e B Y
ET T tcwn gae Ges




|
|
I

=i

—

=

gf%iagf

EEEEESES

=FT

==OESE

:

Saeer

=

e

—_lk?_ T e e R e e L (0

EEEEEEE R |

RS

Hy
i
I:
- T
| __. it \!
| 1 I ] s i |
. [} T ” .—_.L. iR B &
...h_ ;H_L__ “ [Tt il [T Lty
i HETETT Hhili il Ii! S| Hillihl e
T | i { L l 1] A
i ___.nn_-m._. -“J_“Hr-_n_l_..v+“ ot .“-__._..-._ _.".—.t...nmu_. {11l a5 81 k] ﬂn\ i
L R e g ! it 1 | H -
en el ___J_I_.I_ i thil R L_; | T
Tl 4| i Rm g il il Al | RS
O e s O i 1 O
Mg _ ..._-I_. | LRI | i hil) 1M ._.ml.. bt I 1-_.|.._|...is)1\.\
o "_.__ _._.l.u.l | “_ | 1l TR i I ., ;
ALEI coadl i1 EAT LR 311 IS ! i +l_...hj. T [Ll..lll.._\..x.\.
R | TN TR TR 1l Hillidiedy | i | i ;
| ._.L_ﬂ USSR CO O T ,.:r.L. L | !_T_Lﬂ e EVG A LFFER) KL SRR gt
_ Tt LT e < o O R T I[1f]] AmimiE T it
! , it S et IR IR e O L J LTS o S AU MR AR Mg
} 15 YN TR T 1 LA HHIN T 1 ] TNl
LN Helhiitl 1 _._.I-_.“u__ i | it FoH L il |
| T Ml T e el -_.T.rr, : iR e el Al
| HiH I E | T FT Ll | T W | lan
i | L _...,__ A el e e TN, S AR L1.L\4
Il il _ ._m_ I T 1 ==} I.I.”". ._. ".m. _"_ .__“ T il T _._. _.._ H _m m (it _ | .,T\\\
e T .r_J.r.Lluj.-._,...... Lt el P L a.rL_* J._L.E ~t lﬂ\
| ! | HIHI | | T L 1 kL 1 1 1] e
1 1 ._I."I. .I.._ L] Imi. _.ﬂuuu_._ _ Hili ] 1l ..L._.I.-.ll- ARV R i “ ] .\\.\
il T it m S _11: I s 17 e Rl T L
T 15 11 [ 2 TR e« R .m Pl.h-...ﬁ_-_._ .T_l_-.. ] fiti] ....-_.-. _..rl....lILIm.nt.J.m..lrll..\\x\.ﬂ
i o R i P i R [ [Tt ol T “.L\\
g g e g O L U A
[ R L _{ | | L il g [ et
i — | i1 g et UL G, N ARy .,r_rJI._.._ Hinn = _ e
|53 ] il 1 ; I 1 ==l } !
4 | __.1 | H o MR L] r_.i_ ._.J.Wm B S | .I."L.,tz,w\“.
| | | H] 11} i P Hi% | | ._ | | L
1 | . ] i i | 1 4| ol
MmN ] .M_._" T 1T S8l 8 B l....._..l.\_ sl IS oy Jr-i:_l ) T == T o A
TR L SRR TS 0 A L i TG R i I E=— et et
+ TLEL Lot Tt |1 jL ! i {§t - : i | I
3 i == ke e O i s O T il
seiet LU | Q11 HEH ALt U 1R R TR O R T s roatERERTRRT (114 RERTERAHMALLE R RO s I i =T
| T T M= _ B il . | it
..rﬁl..l_m.-. __ _ IXT0 ELA Y i 11 _‘._ ifh T .__ 1] 1 I 11 | | L | | ‘..\\%
i i | 1 i ! I . | il 1} I g i arar=]
1 T i) k rwrnees AT O L s L_,.._.TlT R (07T L o |
4 | i il LT i ikl TR { ] [ Lt
it 2 ; it ___.._I_m _|r.+|u"._...: B il T "
[ ! | LI T e Rl 1! . Hill i 1L
,Tm._ __ _ - _. I3 " ._I_.r_.”___ I ! ._”_. t _ ....m._.-. 1..-_.-. ..-..l._ _“._ T l.l.l.....-...
= 14 [ HH 1 1M | i |
| st (H ._1_-_._+ = .uq_\ ._.1._. " L e
ill EITT i | L1 | 1 Hi il
i ! | ! VEl 1y 1
| e e MLBERE ey
| il AR b
1] I
| .-_l.l i
1 11V
e

EEE

S

SeEE==s

AL

REE S ERE

FEEER
P

SRS
SEESEE:

A L ERER TR T e

EEEEEEE LA

/

fq%i;q;ijﬁf}vﬁhﬁi#r;:{;f?ﬁf;

o

EEESSL

FEEEEEE

= '_ . .\_ : =
BHESEE!

Sy
U

T+
"f;;

-

|
=t

= I_
1

S e e e Ee e

e =E

O

i
1

!\ = =is = TL 1L'_ i_':

E====o

= E]

SEFEET

',!_ T
=

, L E e
|
|
!

|

‘ -




-i ALk
2 Pl | )
—— /% R ST il L
- | I Nl .. l\!, I iy st R ....ﬂl.. il
| 1 oo i I I e i
| _ ._. ._11-. |..|r_J|rI| =) i A ! ! il Lt
Forear AETH =t [ i |t o e, 1
i i g s s 8 L SIN 18 ! — [ 5 e
| A T L] -l | T R
Tl e | — ._ ol I it i A Lt
!lH I—— A Lhi | g Mk o R I ]
P | OO I { i =1 F N [ I | I
—t B | i o N . Hd ITHTET —1 i e S5 T
[ - [t |-|-|...1-.1 1 77 IR BE bt il
I—-lll_l m ._ | 1 | el (8 £ i r..,.., ULl .\\.\\\,ﬂ e e ] .
_ | —T" =1 T——= Ji Ik
Iin b, U S 1 ! z [ e
| 1 : — it i —t A [ Bt et IA ELE it
[ 1M Wi ! i Hhep e et
o T [l | | o | .r.lr.:.l.l..l. o T R i il - ] | | ' T il
e i A FLEEL SR8 | L= [T T it L 1 m ie
4 ! i ] i I i S | Ll iil Tk Jll_r__ Pl i e k'
i Tl [ el 1] [ T — Pl L i 1
] b 2 T ! m b i et S 1 o b f R ni - e - N I TR
1 re B e i ] 5 = il E = ' i |..rnl_ | L4
- Py L 41 4 H e, S A o — b alin il T i - S 48 LW 18
ik ol T i 011 SR Rt » 44 1101 O 1 L] -
| il | 1 Mt . ] - ] KL B T Pt onif R
| iy = e 4 KU R ]\T i I gy U G Tl | Tl |
W ERIEE e Sl 9 1 Ol i O ST 1y o LR e I e ‘oo, Sl I 08
el 1LY M1 ] = —d—] il RiL ! BT JRLh v L 0 i | | 1 | ]
r - ! L4 .ﬁ..\ o _u\l\111.. il eSS K JRGH] LI BT i “.“”:"m MJ\H I Tt i
| 4] 1L pi | ..J.-I...DllLI..|I.I il "] .,ﬁl.rlu._. ‘\_L\ e | H | | ] ]
il e e el ke | | | ol sy oo S bl (VLE DOAM | G o = 1 o .fl.fulill....l }
| _ e | ._...._.a| | W“...-JJI.PI ||.|rl|._“|.|m-|-I | 1l LT P gy 7,!./%.[ i ,F. _rr.JJI.I | | ..._I-IJ. et
| ]| i L T — | Jish]: i fykie ol il ! S AT §I
U I e s ..-.J.rﬁ.......l.lll.r.l.."ll.. [ i [1EM Hi M T _~ | | 1 ==
HW il -_...“J =) ¥ | _ St .-..Jllr..l.-l |._ r i_ “_‘ _: .r.Ir-|.|.|.mI!. MRS S ik
| 1 d ——1 i il i i
L Mm AIHITH au.rltrrzl.lrl__ll_. i i) SIS IR .q..lI“u.... r;lﬂ.r,., ¥ J,Af. e B Pl _LLLlJ
T ] — 1 e L i
=R i s e 1 i e 1 i 1 A A
| v 14 s 4] L
id — Y i Lt et H Ik ! I il ] |1.._..
Lo NI EEERR CRES T ey ot Y w3d BR | (K 1B Sy T e _;“_ ] ot ;
e W EIEIR | LI T <] Eh i i1 B A7 | T L 1
NE= 0 mE=: L s s " 1 e L ik { .
NE=u - A A G I:ul.ml.. IHT L el Fag] T
e e L L H R | LR i | _
i ] s e i} | TR o il 1 |
arr@ L i ] s S A — 1T | e i T
B | By ] M 2 ] | - I./i.!l, h __ | | : i
: = S e .ll.lu { rr.J.-I.I.I..I e _ "2“ ;: i BN i.r.l_r.lr
| ] TN | et ' Wl
e 1] .-.rr||-|I...I 1 i H L A it 1] i i
L | S - i s B Ry ! 1
W Ib=e g ISR o 7 e e | N i
I s A 1 1t A | e ;,_ﬂ..ﬁ; i ] |
! b = i b |.|!Ill.~|1..1._.111 It | Mk I
i T e S (B ot | i th ] T " il
. . . mr ] | it il T o [ 6 ! i Y \_L_ T
ot 20 O ] i i O 3 I e 8 ] 1l
L 7y p o el i I L HEl L W
i sy —_Hr. rq.. A _m Lt [ : 1 _._ .M_T i _.\#ﬂ ! B .-..I.L_...-l..
A1 L TS H T ' | !
i g of o | L 1] i i Dl e iy ) S _11
e '? - L | i CITH s T N Ala M H | 11|
o 1T s e 0 B B R I H il o B LH S g
=t o LB [ His i freatll 1 1 et G B itile 1 rrrmn-ll 1 I
1 Al (1] Lo e PN | Lt 13 O e 1 il o Halis LRI VR S
HIER [l b ) i ‘WE [ ] | I L M B MBS B et it i =i
| il i} I i L [ . 1 HA R ] T T PRI L i
T 11! B Ol | i i f | | et W T | BT LH 111 ]
I =t} o SHTETE| I RSN PEEY LA ;i iR fid i | i B ceniea| E
L il _...Jlr “___ _|_. 0 s & L... ._.-.-JJII - | _“_ Lot i.-.l.r-_I-.]I.. ; * R
It __ 16wt g | SLH ) | mam HIH it FInEE s Hm _4__~ { _ [T L) U =t
Ut I ol o[ n i 1 it I ] amim RiEIH| HE St .”.rl.-lulr.ll | 1| __ _.._.“...
HTTRAT LU iERL .._aﬁw-_ 1 | | | I _ | R ___ A1 A e R AT
L) —_. 1] 04, _._. : il i ___ _..m" :." ___. Jf.._ __.“___._ i1
r e i by s LELD ' i Wikt G i f | | i! il
| ._._ HH e ___x ] SAEE) el _ S T B _:_.m.“._._ | I_H.:_ M_\_\ .-.l-.rnr- 1 L L...ﬂ..l. ___
e | Il o i (LEEH O : Th——s BTN
LR ARSAET SR L B it H ¥ [EHY R AR L . T T 1 TR R Lt
__ Hing g ..rr..__ _ : TR gl AR _"”_ gl b AU“__IA = _?g i ._l._h ikl 11 ..I..l._._.l...ﬁ.
8T 16 i 1 H Trifets e [N T T s e 1 il
I ifib =L L=t & s P T A R i o Sl 1115 L R W (RN
m_ i ”._.. 1 n I ! L | Tl |
L, il dqnlel L IV T () ot B e wa et (R TR (B o .Tl..r_in. THIEIn I
: T | 1 MAH M 1 - 1 T T T bt WL 1 _._._..... lith (L
Il Hh P |if i i i - Hwe it LS R o it
e _ 0 J s ) O i Wl b G
U 1y e T o T M U0 R e i i ! ﬂ_ﬂ il T
1 g P 151 (111 e TR B Ll T HINE T IR
: ¥ LN L ) el o Tt Yiliile i il T i
TS A il Tt A L 151 TR M RIEHIUL il il “__ :
. T il HU LEER M ._l__.“. ! T _“._ ] - 1] I Tk il
USRI Y (e I L S O L R
| LM 1 T T ta SN It i 3 Ll Lt
it o G MLl T iR AL ik i Al 0 O L e
o LTI O o O i A e e KU ] e Rl
1] (ifpmh frs _ HH| ik ._hm" M lL....lﬂ.-. HH 6 __q”_ | ..”_ i _: IR ]
1 __ AR T . n_l.“ e e R RTIER B EE I il H AN
T e i e I | =
i MY o L o 8 A L oo O s .
| b B R : '




>
=54y,

&
=

=
B
=
=
=4
==

= _l"::: ="

==

f:i" =

_Ei_ =

SEESE

EEF |

IEEES
!

2

f'_-

=
EEEEE

=55
=

=3
;-

EEEEEL

==
==
==

R

==

-

s

=\
=

=2

===

T EF

==

i
===

—
==F

=
e

l@ =

"
=

=
=

E=cE==

===
T

SeEss
===
=
_I,r_
=

===

S

==

=

ESESESE:

—=o=S =S sSssat

=S e e

R e e

SE= s

EEETE

4

e REEE S f‘_‘f

= Efai=
S SN e T

-4
=
o

=
f

L
| EEEEE P IEE

==

= I_'__'L_"-_'T_:-I = L=

==
= 2 —E_
EED gg

=aS=

==
=i
b
{

"1- ==

__— ==EE

)
i

k=3

===
5],

i
===
EEEECE el

) = e

it '_}' =i =

SEEEE R R aEE

===

=
=ER

1
=
==

gl
P#
— l MM
il T L 1l IR fi
L { I B .___._. i,
R {1 airi ..+.L i 114 | __ | s Jaii ]
. m““.. _m m.._ { HH | I [} T .”.—l_ I __
R e il L L wi NI [l i MR
.ﬂw Al I Al I r,.ﬂ_..-.: A T Al I L] T (AR R 5 | AT el
IR 111 HiltlE 11 R SR (R THN | [T T il {0 oot et et v
| It ! | 1l i\ i i Y
__rm_. T e o R T e O AECNCES s . J:LI_ . .".ﬂL T it T
HH 1HBITET L R T [ | HR __ L i [ HTTTRT U | __~ ;. R AL
e o e IR S G Itk o TGt MR MRy
114 L4 2 I R R ELTHIR [HNREL A _\”_.. LRI [l I [F{]HTLEN .____._:____,;, il -
{ _ ..—..“. f “ _ 1| et ¥ | ﬂ-quh.l. - .- ” 1 d._luu.l.”fl o ._J..:_J .__."... 1 ._.-ﬂu | m .ﬁl..rﬂlﬂ.}, " Rt sauitl )“
LR O WS ISR :_r._.l 10| W r__u pll il L _ rﬂ\ummjltﬂ A
1 G TR Y LD g T rn.1._l“_ N ! __:...I o S T R HTHIRER i _“_ e mr == R T s A T et
! s st s o1 OO e ot AR o R i e = e et s
S o ) g 1 L I 0 1M
LT AR 6 T 0 O L 4 o 0 O e e S LA v e 0 L e
i me it A AR OO A A U AR A 8 B
| || B | N HH | HIH | (R ,..1..I_ 1K _" .—.._m__ __._L_._._ .r_-..L..._ H..\.__ __.__ Il rrl... K n._ } .__”._.F .J.ru.. i w" .I\QJ.\\\_
Wl T VL et et et O O L b v vt i IR R o s ___;_“_..L“_l_ B e i 4_1._1"? RN i RS
# T S oy g e et e et I ke A _4_L. T o AL EEH] _I..rimu_, ____i.;_i_ el
s o M e B M I GG A IR, LR BB
LT e SHRU TR R R30I A 0 A s s :_ T R B ot =2
L) A o |1 R T T B e’ o 1 B IRi3 i v s e gt BV s S T i
__ _.__ i) AL _ 7“_._ __r__r _;_.r_iulw, .?r..?.T _ |J.Lin.“.1. iy o 0 J F._.___ ___ T_:._f“.___l_."r (1l ._."1_1."...._. ._"_“.____ B e
it it T i T Tl |1 == T A ety enis ows e sy 1A (T i stE I NI NN He
0 i, 03 A A e e A CA T 0, A Bt RS W
. _r - o Ir_m“;... ny At | i 104 R e R TR ] ..L.."..._q._.u_.“. S ) _\..L\._. IL_.L_.u_l.m._L_. SCHLrEEE il ”_E»$ _l_?,_ L Y A sl
a3 ] T 16 S EeR T | B i | % bewe v e e IATEE 1T oo v MO T il i AR
i L el B b LNy e TN et 4
Wit ;“ _n_m JIBE:: _1-_...4_L._. .“.L.T_L. il __IF$I :iﬂfrm____ il ___.mi_. __ nlAR|| _\_ _|_.._-_L_.L.“.r ...._o._L L Tt ot
e L it (P i [T nRil il ” il by
T ikl Y il _._.l.._l_._...._v l__rr. _.___ | | ____;_ll_. .-.I.lll....h__l “_”_ L_.l_lr..T-._L. _.._ __ _‘_‘.l_l.h.l_.l._-._. __ L.; .\“.
g g 0 O o1 O O o Y o
| 1 | e RIS ey Pt SR 0 FAALA R402 - L L+
nu__ 1l NI ._.l_n.“ b @il il o @il S { 1|_.l.m...v e @ s mw
T e e i A R i 6 s e T
: I HIie L 1] il il i T ___ s 1 T ) _‘“_ HEHH L.
il I I | ”\“\_. ik J_J.“r._u.._l__ - .H_I._.-.n._._-% ._._._1“.__” T ik
H il | [ B i LT T HHIlA it sl
T L_*.:ﬂ_.ﬁ ] MR8 i e L i ik
It __ “ 4 Im.ln.u._l\—._v T ll..r_....l...l._._. | ____._lu_li“” .nl.-_.IL._. : 1ot
T ] _... 1 T THE 1 i Tt
| . Hh 11 __.” _._ ..r.m...l_rh:w“_.r__"_“__ .n_._-”:_._.-._ .“._1_.. ” ‘,MA i
I H1H I 1 H + T 1Rk T:4ill i !
T b I R W L L1
T i " i __\_._+ | __m_"_._. e ____ “m____.... i __ TH| _,.;.\\
T, o i il _ B i i URSHC i i b
R ! i AR R T ) A,

!




_In.':r._ e

e (Gist=1" fagad=got;

EESS

b 10l

Bl

=i
2

=
=

=

e

g =10.07sec?
=

iy

oL
o

=

S Emmene RS s o

SsmsssEe s as s

1

2 _k_:

£ 5

EEEEEE

e

==

=

/

TEEE

EEme s eas e

i

S s

EEEHES|

£

- =T

=t

e sl o T

- 7/_..!

o

=

= '__'Il_‘\';'E'-__‘_'k'_'l'l,:_,,l;'_\:'.‘.z o

SEEESEE RIS

——

EEHESES

/
;%fzf

[

=T

=

il

/

L 1

=i

=Eir i

==TE

.f_:

!
i

LR PR

= EEs

==

E

— |

=

S

,Xzié'-_;,__-.n__

F

i

I=

==

SR e

.

g

e S E T EEE S E S S EE S S EESEEE

EEEEEEEEEERE

N

BE==s===c===-

/

f
i

EEEEEEEEEEEEL I EEEEEEET

= = - =

FH==FF

+

=]

L

=8

=
|

e,

EE=E
EEE

|I

£

=

EEE

=

=====aas

=
o

e e ey

== EE e T

=i

CONFIDERTIAL

e L e e e e e

Faaf

S e e e e e e e

-
==

-

= e

EEL]

&5

=t
;

i

EEEEE
e

=




By

, ‘ 79
Date Mode! Page
B E L L2}§W f ssiie I
Checked Date S r:rplzﬁo : R.ponD-lBl-Q/..S-OOé-,
CONFIDENTIAL Fig. Mo, |22
D-181-960-009
HORIZONTAL TAIL PANEL
e—  13.75"
|
|
| : 220.0" )
. : I
[ w112 MAC___ .
~ %
L
% _ | { % ¢ Fua,
i
|
I —t 133.0" e
| |
3
£ CONFIDENTIAL




=005

BEl
B
I

-

H
I
Saman
¥
¥

EIEIE
iE
{2sans bad

PAGE 71
REPORT. D-181

I
= aamaif]
HE
_+u1

T

-
S0
I
H
L T
1]
I
L

o]

:
I
T
v
T
T
ST
E

I
&
iastiisiets

AfEH

T

mEmm

Ristas
=

s R

{1

FERETRE AR EE ErEY

i
i

LrEL

SHHE

il

Htt
H

2
T

|

S
it

]

T
1 T
SRR
1
s

H
BRIN
84 prea g L
TEEr e ph R

i

k3

i

E
.

iHid
is

i

CHECKEDL
]
T

rT e e

SEIIEINLEE
o

ay.




5

[

M i T T s T ”
F . H EaEe pEae

~ - - BRI
- g R
g L +

72

REPORTD" 81

1_
1
i
T
R
T
BRI
i

PAGE.

HODEL

SHIP

B E Ll g coianm |

|

i

et i 3
I T HHH
Woow e 3 T 3
LR I Tt 't
| < < i
! Qe o R i s i
T e e £
HECEEE
H T
| ——— . $
|
Earere :
a e e
Pl Sl i R
RS S e R e s
» I i T
B :

[fas!




T3

=005

REPORT

H=4

3
I'!"

1=
TEHTT A
Sk

L

e i
5

s

o b e
b i

1

SiE Esaa b
R I

g

THEEY

S

TR L

T

=

el s igjaeaid

o

S

e
1

1= 52k

{HECH

ik

Thi

SaEiszzyraz=oisin




PAGE

7h
aeeont D=181=945=-005

MODEL
SHIP _—

| BEL

DATE
DATE

CHECKED

8Y,

- e T T T
= e T v T = T- R HH e T 11 i
. e A i I R R . ...+.4|...u_.h....ﬂ F...Tﬂ_.._H..
- - u B b
FEE R T I E IS SRS et pr TS s i HETHH
e e e T _ L TR - i I --
1 i Arapes s : LS
HEHH i F++H LEEZESEREE EIERLRRRES SALS } e T e
: ] SHSEE B T Hr
HEH : H T 2 aas, i 1 E T
I as { e i HH
} I 1 HR B HEFH S : Tt :
- - : [ T HH : : 1 1
} i H :
TR R R Fa L 1053 ! SR 45 M
T T ' T I 1 £ e
EEH .......Lﬁm._ L s R e 1 HoreE T HHH
e ﬂwu BafEmalaiinniiizialic A ET.nl.n. HHE F¥ HH
- . - T a4 B TT T 1 . 1 I
i TR HERE H i : ! .Twm.“ HE HiE T
k e = T R R SEEEpErE .
- BRSEE ARaE: HR e dusR R R R s A s i e i
: e Sl g - T HHH= TR e T S o
w1 r a1 ry g E gy frpamnen paman i K afie W
= TEET ' - - _.“.T.."_ _._......r Sl es Sea b ba e 158
+ ! = TR R il . o . 3 1 b .
e THE PR 1 : HHH R R i Y ird
i R B an e e s R e R R s e e ) N
1 i [T -
= TR arery o 1 1 1 SaE L e st e T HHE o hm.m. e
i aa 1 HITAT SRR : Sand meve] s rera ETINL 16 .“.”..ﬂ e
1 mrztererepe T 1 pe rEI i B et 1 e
i R R s EEEHEREHE THEHER SR r e e
._ i H i i H I 1
i THEEE : k o T R i D e o i At ] HHH vm
[iE ST SIITE TR T _Trv_.14|;. W -y pap e rr s REREY
: & T - N mmid BEEES =
b ! . SR el IS ¥ PR R
T e SEIEpTEEERATERaE pan s HHERR g i B o
. s -4 e i i S
i £ - : ke 2fe- I H A P Mm.u..m.
it = HEEE b s e f HErHHE GTTa; e :
T T BT : D Tl Feael achs hban
B i . s ; e H
: H : HERR e e BB o S e i e ]
i S T i e b e e He T
: £ R S HEREHEE L e
I e B N e - ; minnd
HEE : EHE Hib i H i I 1
! B S ¥ s Tt — I : =
ST i T b T - - X
a1 ! 14 ' k ' r sl 2 —
SRR Vibre sHEGIIR [ e - T
et T 1 T 1 aps r x
T 1 o 1 i Helte 1 4
3 I + I B = T ) S RkE RasE
131512 2T ST EOTTEENTe] £ Y FIETE TICTEY PTE ETTIE CRIEL IRIEES i o . i 1 TR
E T I HHHE T s : L ¥ it
= i FiEiAbabar Py s M . T 1 - T + o i HIH
I HE T T 3 t X * TR T T HT
- B insn [T1TETIS ELs b : I = . T t ]
B SR TiBiainlar TR b - - Hht I T i 3
I 5§ A T I I 3 b :: - 3 4 a8
m et = I I s feifiats - T Ty
3 e balg it T e TR i I e - = T ¥ 1h
1 1 T T 1T T : - v - s
=1 TiR i SR IRk i 1L 1] - : -
5 i e i tH Itz i i T { - Hedrit]
= T ! 'y 1 1 1 T e Emam .:..ﬂ T PR
I T ¥ FHE T 1 T ] : - 48 praas
& 4. re u. _q
+H o < mEma siInn T } .
i e Il T I : t : :
- ' 1 i . : L 1
i i SR : : : : L
e : : FEEn 1 ;
1 i i i i + : - T Tea8
1 ] i, : 1
=1t roy i bu 1 - 5 .. - —
HHEHE _ it _ SHRIEIE
F T T v T T 1izih
b I 1 : } ¥ f
¥ ¥ I ¥
T v : T : t Hi
+ f St i
- - It
T I v I
] i } b
- =y
} I ==
- g K
: T
T THE 1
. i
7 : : HH
1 : . = -
4 0




p——"

s
=

PAGE.

75
REPORT_D=181-.9/5~00

MODEL
SHIP

 RTTaE

fl B E L[@/mﬁ/’ CORPORATION

t
14
| ”ll. Jn-.-
IR - =
...._“. i ._p.....
THE :
u e T
EE R
< o« = Hit
0 H ] i T
: e e T
s g
i ! B

s T e

§ EiigEEeaah i i
wrfiak
.
:
T

= e
a rapii s
u S R = e e
u FEHHE R T 1
8 T et k i feralstset
“ “ .z 1 .“ ot ' i
ipist i T
i (il i e
\ A




=005

$ & 1
EF"

_— REPORT._D."_l.s S

MODEL
L | 1 —

s

| BE Ul Bt winue

e e ]
T I - -
T datd
I It i
i i
! 5 damat
;. e T i
] T T +
P
¥ " I i - v
- HraiEang b
T T 1 Tyt b
T
1 T 1
. ]
f e
1
!
; T
H
+H H
qiandd }
T
=g 1
-
H
3
[T ;i
1 T
: T
+ s
¥ 5 i
i T
i
T
2
:
}
}
I
AL
Tt !
i FHETE
5| ]
= 5 i
I : - i .
5 b $ & e
T E
+ ] o e
1 . + 2. v ¥
1 s
- = : H
: : :
= T :
SHERE " : T a
I “ “ 3 - 1
I I T - H
+ : =
HIH
T
}
tHHT 40
Y
Bisie
i P
t 7 e
3 1
*H I
i i t : S
T T i
e - e . 0
t .“ : L
I ! ¥ k
Tk “
i E
“ st
e -




-
= wPAGEmi ?___,_._._ ——

mneport Del181=9/5=005

HOEL

| ]

| ]

L. Lo i

ATE.

o
"_‘r/- (FRFRRATEY
-

e

| BE

DATE

T

[11

tRE
i

Hi

A

Hit
it

G

B

SRiciisisses

FECREEREMI I

AT

FIIEiqERL] bami

jEEiskl

HEE

HEEL:

3

LILEEER

tH]

W R S

EREEM

143

mag=alk

jasie

EEjanan

T

i b
i

amRpELIIENAR

22k !. 4y

i

Ik

RO

CHECK D

H*




78
ate Model! Page
> i B E L vaf?/ CORPORATION Missile _ ° 219
Checked Date Airplane Report IZ-I 1- 45_(!)5
RAFIDENTIAL | Fig. No. PO
: D-181-960-009
VERTICAL TATL
62,00 ——
|
|
!
!
' |
2,6,0"
148 MAC : S

\
Top Of Fuselage _: l N \\
|

-7‘

210,0"




79

PAGE

MODEL

e

DATE

L & §

g S
I ;
D it -
oy 4Tﬂﬂ;q -
[ ’ i
tasd AE i 2] B
m BEaE i o
- . 0H o By
S| EEEE i
- ] I e
al b SHEE HH : . -
. B peibe ot : 3 t THT T T —
= o e s gt o5 : TR T
= ....I.-.1.......ﬂ|.m.....r-. I K THE - HH i v : ry Ty
0 e i S S
s Enamin ] i 5 ; i H e ek L e EE R v
T T 13 = 3 inrsReainiil bt e ] =
L e d oLt i e o=t i = e A ot 1 oo
L “WE G e 3 ! T i i3s s
e e e : S i e S I i } g
iEfE S 7 R i : S : HiE
4.r1ﬂ Lo i ! 3 . JHHE ; i inist : i Th
il sanat Pt ] I e T , Tt §
st rﬂhpﬁﬂ.ﬂ. X L = * Tt ' E ' B o= _” + .l 5 ]
e Ty frate T I E - T 3
iy i Tt e b 1 : - s 1T i i v
i e L. : Ep .
i EnER i e HHH - : I _,.-..i-..ul :
A 5 R S i : e i S St O
- ......T..lut:.nnuu.hu Ho F I te e 4 T i THHT + il g T
s et P : : : B 1 :
—— L smarisiizsirs ¥ T u-....._ - - 1t __ - 3 P i - : m
s il ey : s = HH T 1 - : : .h . }
et i |-|1l.- b i i I fas . g
foode el i mw T ¥ T I = = rrzrhrapnms - I | P + u
= £t iE I ? : + T vaed : T 3 ; u T i ﬂﬁ
s | e B s : : L ik L X wn =2
s ve b ] * T et R H : +_u. e I e
s |5 R : S HEER i
- THEHTESTHE il = e rwe e e : s Fol ]
et i i = T i e i
“ |5 + -lrh.. ..r_p ti T + I T = tE T
u e i TT - : 1 S rE = 1 is
”.” : : T 1 -
3 o EhEE i b i miaecs
a e k. B i ' = : revy B g ]
i : S s Bt e R AR ) o :
e T ae HeH =] o . 3 on ] 151 B!
u .ma_w ==l AT e I T + 1 =1
L g i E] i T
T |.._..rﬁ._H..:| vy I : : S T : T : i m. s
't s i E * : !
i e B : : it a a2 : it i S
___..._....,ﬂ.__un o L e e s T T i T sl =i T H T :
T H=Fm orsEmiEa s : ' e - EHTH - 2 mas
=l e e T TN B pheatibiH L e B T T 5 : H =
s R e R e A ; h HEEE R = : i
ITHE 1 e e 1 T Ht = 1w 1 . T h
L =T H T - Terr bt o it ] aaaalEad o : k
e Rall, m i el T T wrefis AR s - —- TR T = : .2 e
0| T o [ e = : e 1 ¥ 1 t maimans a Bl in - aa na r”u.. —ai i
nﬂukllhz P T SITY e Ty . T o e T
. ooty iad P S : % i fe - Tt 3 w HHEEHH
- i R S5 IR BRI i L R =
e } % : 1 - ;
jEyEaly : .. i e hat 1 - T Hr e e e
L 4= Ean aie - R ¥ & I . THE ..n.u“u
: t T -
i T i E
1 } T
- 1
T = = T t .ﬂ.“. 251
; ] I 4 moing f
; == FHEHEE | 25 I
—t- i bdnd smania T T haiil T t
A R ik v —3- ! 1 : o s T =
ik i 112 ! 1 ;
Herr % 3 X s . A -  paiat
o s +1afa ¥ L +
e t 1 % - ' - b . ka4 P - T
* .3 = T T - b | 1
T Pt 1 3 re 1 .
: il } I T s aEE X T
] 444 : ¥ i + HH 1o b Fhi E 185
. T e Rk I = aaa 1 ] : T
=i Ty Bi5 T : : = : f . I : 5
: sadk 1LY ¥ t — T B E T I I - T
. 88 maR 1 i 1 2 ¥ T T - janyaer
* = e T i : : " I - saain
< = L H ot I3 T =un + - 2
R o : e +
”. -3 t . Hh :
= e : T - T E i
el 110 : T : 4
§ EmonpesiE = . : . LeEran f FE S i
= t BT o FAREE I - 3 + y 3 e
it e e FHS : B i : i f:
™ Py hal riwme il By I it o = Erz -2l
] e 2 :.:.Li.-l..n.uw“. : s a3 } * o
b = R e o= =
| ST i - i i BRI o et P H = sinoiatiain, t
B 1 ¥ a S =R = i iasaliaas = : T R
e d“ =t TS Bawia st st PP 1 - T et :: L H T _q ] = “w“
== HHHE 3 ! : " B L : - i 5
=i LAl R T : i : =3
EESrsta pises phsee HEHH = -1 t
t I : T ._1_ ymas - : > - t
e 3
. =
Hif L T
s
s
SEaT e




BY. DATE. ) l / B P
CHECKED. BATE ’ l B E L IM”W'% CORPBRATIOR MODEL. _PAGE. - [49)
- SHIP. __rePorT. D=181-045..005




g

81
=LA

PAGE

MODEL

B E Lo AoongZ o |

REPORT.

SHIP

™ e | H
a i | T
¥ ¥ -
I imp - - N
SRR t
a nas; T - Hy
i ! iF : 1
I - F H
T : e :
11 I s 1 A -
T 1T # ¥
pieiabes - T o
HH e . '
yoy HL - = I T}
—— - 1 4
(YT EI P T
RS b ST (TG 5t .nmu
TR F - o (3 s
. - s S
T I T
: HIE
e = I I
£ 1 I -
T amha BET
1 + T Hh
& T A T

4=

SRR

T
EnS

i i
= T
HH fifisanhiiaa e
- =In e
i T
.u FHRE Bt
H reiss Barad Laa
; S
i S
H NEraREiEan sabapat
HHHHH B
T THHT HH R
T A .H
11 + -t
HE

H ..n.. T T 1ﬂh“
: H TR R T T
! L -4 [ ol L i
! Hihs iriesd
its .._n TIE P R
; o THHHSE (e
] n b bt o ey Sarre
— ] Bk it n e
iE i jitsl SEHE HN R
= e HHER R
T ; IS BETRE g it
i itk : e :
! e s '
i gL 2 1 Het e
H aai = e Bl et
i H 1 - - T i 8
118 _._ T - . ol -
4 £ : Toph i it i HHE
Eog it T 12 nifr HEE
< g H : trHHH __.:.._|+4 f b
- . -4 1 . T | i
8 ¢ : : HEE R I R Hio T B
i mpEEanEe Tl e HE e 1
i t 2ataE Mastraisi sy £ i
nisd T R THET : ahiar -
ER 3 5 _ FHET R HE i
—t L. T ." -u- “. 5 " '
HH T ; I = t e ) ¥
e : : 1 e i
.”ﬁ 1 T I SRS IR ; T
1 = = e s ! T o850 i T
a : : ! iEinidia e _ .
Y i i 3 ESHEE : S
5 i i AT} HHE i
1] S 3 T i T 1 i H
> X I HH ! ; it : “m
B U HHHE HE R A HAEEET R ! i d ; :
i) EEHREE T i FHF o R H Hithas
i




82

PAGE.

REPORT.

¥

sl T T T —= - s 5 #9578 5 T T
Hro T = : 4 e SRR : T
s am = E E T ¥ =i - ._.r ¥ s34 EE, 1
TR : oy T T
: T t T * : L ITIEIITEIT LT -
I ¥ 4 1 E : T H
: T : : e I - - Easinprapl
T 1 TR
: EEE1 IR A CAETT (ke KR IR TR LAITd i ssxiss : I i
: I ! qodn ! o
i i E : 1 T
¥ R imdaius pmaagavane * 2E x
R uE ] L Al -
B TISIsIniE! i i o ¥ R l fisansmmii
- iz, : T
- ? . !
b f 5 : ! s
i i o I H i b e
T : =
: = EREHEHRRE
i 1 E H e e s e
+
T

MODEL

jaaipaanifass

———

W e
x I
0 I
T+ 1T
v e
H i 2Hi
= ms si=
= H HHE
£ S i
= Bl T LT
ziad i
#., I s
Y nE pa
M _.u..“.l.__
. HH
A/H .__
i
nand S EiA:
Ly : S
il LJ.I-.
o] ! e
! - -
— : it T
! i HE
il 1 - - S il S
EHE T i i i3
1 T +1 = Li =
| T .1 t ._.... - 1 'y 2
e SReE o ;! ¥
£ i T 13 et
o B 1 R RIR|E IRt 2 Ear I tere Diawws |
uow i : & HH R .
< % i H L He b e R
< i = S II Rl : T 1 =t
o T3] i = s a= T e > T &
haatt sl ! - e 3 . iR
T ST e T - H e =¥ . s i
e S REtS i maaale et baes : : 1 s R
FH R Rt it A reasin R
LE I TR Bl i
=R pi=e pues - H
i 8 T . The s ¥
s il :
g w_“.m..u : i T
s : ST e
X T..L.ﬂ_rh HHiTE i B HE HH iH
W 33 221 HOFE - i S
> T Eomb . rMI T T £
o Eh Loty ! : | f
& HERTHo i : .u.mh HET T i
e i HEHE shrie HiE
’ can




83
reporrD=181-945-005

PAGE.

MODEL
SHIP.

34

;Ti]'

P

ot

j-w b2

IR

i

T

T
T

Hﬂlm.w

L

!Tilu'

] R —

DATE.
NATE

CHECKED

BY.

+
et

T

b

izl

SmEs

e e

e e

1HMW

BT

- Pt
T T3 -
- iy

B “r‘uilﬂlr

= I
T i
s AAERE
o Hat
]
: HH
R o NN ML . oo Ay N IR S 8 ey g il 1 B St e e LT BRI RN N N FNANT RN CREEE SRSRN SAEED KNUEE DAl 544 b R f BTSN LOAE RESEN DRSS NEN (R W VA L hanas S A8 SraSesd a4 snmen nrnns BRRIRLITIN T L L e s
i
i 2
H+ | .m
i HHER
i
= t
i
o
Hr
:
;

Hi
{EHTTTEL




=005

LTI T I
|-f+_ T A i i i = T T w -_u. - . —.1
T : : ! 1 Tk HiHT
1 & : T Hi : - f
i T - T * . = e t E
= nﬂw .v.lr.._u.. uil T = - r: T _p - z } - = - X
-t 5 ) B | T a T e + ' r's " 1 1
[ee) § TR R Ay s H s - =y T - I Gaiat 3 = 8 : - aa ; .
' ey T = - " T = L . ¥ T
T L ey ] T - ﬂ1_ 1 -
= : I s - ' = I anaL T red et T e b r i
W [ : : i FR : SRR
K IEpes et HH I : .. 1 5 o -
I }H
< o [ L ; 3 it gy 3 T Hp : E I
il (s s BETHHE ; _ i : : L
W 43 T : - T - ¥ 1
T et .rlhn_.._. . HH I T T __ = E = k T
T e 1 TH - v u, 1 H a: = baarme
1 ¥ o
s i HEHH = _ “ i - : T 1 1=
HErHTH T s HH TP Hh
O T I H= T [+ 1= | be- S =1
o L — o e ¥ I . ¥ . = 1 : .“m
588 rri e TreFra e P e ot it 1 t - L .
= e I T H 4 St - i T
LisET it aban Rt L L L L . : : BRI o i inin
i i HHER - e ST T
o B T I S T - i ! H
i it e s BT A Hr _ 2 iy
0 & R H = m o 7 HHTH Bk T ! I r-.H.nH“..
- T = =y n e w4 B8 H
m I - feees 2 e H e B
i ' I T It s - T i T i 8 vl
e e T : -1 : T i
oo e iadiRiEaTIC T T it : B bl
TR Py TS I EE e F
I - t =4 ¥ i hre e
= i £ S HE R I B S
z b EHE HHHHEHE = : 1 T e 1
= e I - 1 it
- 1T 1 44 - b T . anf =
= e
= [EETERES o ! TH T T ; ' aq
v s Sissenirl TINIR TS e pstare sbst R IIEa B s HE
b T t aseanan. Xl T : :
HH I 1 } 5 Eana iy u i
‘9 T wirfai e 1 1 T i ¥y ..H.u.n_.
t T : o=t LAIRIEias: I - t
iad : } [EEFIEZESEEE T SR i
L 1 : I i mamas T 1 I
= ¢ : T T = 1
_W = T e tH “E_ 231 ks ek -
T .I_ﬂ ; H— Bl e R eI “_ T EH
e e o e, H 1 T S R 1
1 1 v g rre =1z ' mprd =
I T 1 ] Frr reiibews
: T T T o red
- : i BE “ HHe
T 1 - . = STEaspaieal il
rer L T T i3 - ¥ :
L IS 1 ST EIRIRIR] I 1 arsfriee
bo ™ _“ - .
m BHE i : . i
T Tt I -
B FERTEanE: RELALATAl T + ] : : angppadl ewpas
! : ar 4 H P SR S
o H s .._.._ - 1 R
; i o = i : ¥ it
T THTT L I { T 2
e 1 — - - ia $ 7 T
> asaqatans - wanes
: T
+ rmpmamsms s i i
jSad saas] 1 3 I b
t tHH ] ¥
1 T -l ¢ B E
: LT i - T - i
I -1 - L
T T T a1ah 1 waiwy
TH : : —nlaes - Hepaialfitis T Tt i . an s . % -
oy i - 1 . es - T A T £ 1]
Eoe FEHEEERD r i3 _ : RSt gats
<« < 5 I [ T i |
o n t ¥ - H I SILIEIE - T
+ 1 T B T I ies s - n - . a
: i I CibiE : e e Hrr T THT : HE
wi i b T ket I 2 : : bt
= = T
] e H : : B 1 3 i
U”—.ur. - I T s :
HE : ¥ % }
e ¥ e $ - ] ¥ EHEH : T
i THE B - : = T } HHH i
; B A i 3 ¥ silerey
1] s = T o
D + + 4 T '  J o
: e Fe ¥ H - = T
T L z +
¥ C S S HEH : HEE
EiEi o it imiaag i - - 11
[ ) - Te [Z11 i 1 1 1 =
] e = I 3
> X 1 = I
H o A ]
. c - : T T - T - H t ¥
] H =
R s e I I :.._ “ - - : o
TS S
% =




5

%

"“;:
- 5

85

[t
:
T

HHH

Ep e
ik
!
HH
o
T
e

7]

4
aETErIas
e

i
LR
:

SeThiss

PAGE.
REPCRT.
1T

ek pem=s
i
¥

1
Tt

g 551
tiEEztaa
L

i

¥
1
¥
]
I
I
1
b
d
3
[
¥
i
=1
T
T
¥
¥
]
T
¥
T
i
¥
|
1

A

MODEL
SHIP.

e [
- I
e
= B
-
-«
-
b4
=
-
w
WW/
b
H H
| 5
i i
ﬁ +
; epmrsiesa e el
e o Tananurs pmass tunss paas ey
- pma s g ad
iy peeatasaay sesed bornt LIS0R 1ELR
; TR
S i 3
] T
T T dpasd
o fasang s R )
L : HE e
S : 1
iini e e e T
: Pt
AR M SrpTa L3
HE 1 T miEin
: T : .
_ 1 1 ; ; - T
o el grats i T
. T
i : el ; i ;
5 P BE i iEnEs S
s szt b h : e
v TTIEETTLL H : T :
LT )i 1 H e 1T
] 3 t T : ;
v Triietretanzim srmane B ity
i HEL 2 P - ! H
i EHEH I £ 4 :
- T 'y e : T 1
1 rfata ’ T VREwE I 1 s
i 1 : ; e T - .
ST ittt




=005

86

HitH

=1z

3

PAGE

R EF’()FI1ZIIJ:LI.£3. =

MODEL
SHIP.

SRR R

R

l{)/%//wz%“ CORPOARTION '

AEEE

i

T

BEL

:

Tt
13t

HEHe

1
-

il

plak

|
1

THTT
T

4

e
1 I.I-|I|.| |.

R

s

i

it

DAT
DATE

.r -
o g e
TrT - T
ini ISk
i E : TEsh Feyatibn
— : rrsd e e
i ' ol o
i [ agn T T
e Tt I iy &
e = I b ] }
FHE s e

HER fias

e
4

Ef 2 i bl i

11!
L

T -11';-1

Y.

CHECKED.




)

i

byt e

Thrds b i

i

i

‘au
bE i ¢

THa

sEiitpas Ei;‘!u seaza R TLeanEl
f2)

|
=
. £
L :
< g g el
-t fass SRl
u S TR
Fl : I J._.Pvu_....uﬂ et e
e am il SR 8 e RETEY e
T 3 mae dadsTamnrs Sear RIS ERLel HAn
1 i jra b
x i FrHarEE
1 EEEE e - ...IL i - -
T f HEE I R e ety
HEES HiHH R brnmers EEEs ERERE NI 1
L 3 - iyt B e T
o B
4 : =1 CRT o B e e
. S Sh i Gl R Ol S e R
M & .m...un —ae 1._.1_.I_ [hesn soas Paeea LEvpe 2 s
T S a H oo Eaen pRid ee s R 1
I i ._ s e E e
= TR R e
e HEEHE T TR
g R TP _Iu.rnl.+u.ﬂuwmr HHE
= i T i P e et et
= T TEaba et
5 : R
= T
fEetiSr
= : “4% Hoh
H i
W E T s Bai el e
b i T
J_,_— o
m hl
. HER
3 e
1 : : s :
* » - n o
[ i HHEE t
1 T - 4
[==] H 7
Bis ke : Lol HHTT -
sy ! i HHE : B i
) 1 i NN B e -
i R BIal e Hk ATkt b iR EERR T e i hay] TESiE
! R EE e } HH BHOE f
¥ T 1 T 1 1 b r
R I e T PI IR TSI E -
T T T i Z T I
: R R e e : : :
HEEEEHH R R BEHHOH =Nl THHH ¥
e e R HETEIEE i HEHHES
eIt AT e FIEiEe ! sl T - t 1
I EIEi feve e i o5 : H R e
E s HHEH R i SR CEEEE :
& a i el o It : tEREn 3 ] P
i T 2mEammn t e Ay xam e b - A T R 2
B _ ] S H SR T : i : T o
+ 11 -_ it - _.._q:_.z. sfaiel i z .“
i HEHE R R R SR _“ S
e ] ! o Hiphes BE B i
Bt orHE R FHEEE e T : + ]
- £ HhEE T EiHHH !
g s ; HEi
a ; I T I y
§ e : e s
w - ¥ f i 3 L T a5
g ; EREm=ar ; EHELE = Hii
s} B S o : : i 2
o : = B I i it e E] g s et
- - L 1 1 1 i L 8 id 1 >
;
7




=H

R

i
14

i§gerefea-nfiogg q,%

© tHE
” £l R
- i
el i

R EPoRTD—l 81-945-005

1
o i
< " TH.JH”..,
I ety H
FHE
IERwE s ARE] PAERY
..L..h.ﬂu_m
h.u.m.wul:ﬁ"..
ERENEEE
T _._ 1 58PN B s
o ppe e e Faa il
w : i i
w [N i TETTY —
E i 3 HT
S i EHEEEE R eaEE
R — =i
H fiEisieiy I f=idies
T y o 1
= il T e
S S
FH HH i
= }
= * }
ﬂc I_I.“_l_ i
& i
T g T
T Hr
W ; L
e
) ohr ]
H 2
@ : : :
e T T ¥ -
— : g
w S
T
L s
! : :
v - k
1 § t =3
sHEERE {ERE
Thiisin T It
gow ! g STk
sk bt 1 FEHHHE,
0 o 7 E it
: :
? -} diEtE
1 4= i
: . ==} i if oo
T +] L_.._.#..- H
" I T = : + ..” o =
0 : : I T D ¥ ey i HiHRE ThHE o
e = ek b . B e I+ HeT n L W
i o t ba = T =i .- am e T T rEEmE TR
= T FiE s HHORH RS S el i) f [563 eE i
» X i i 1 st T = - + 1 v S I 4
5 B HEEE _ ; i Skl : SR
i Hil I T 1 - T T Fbrr i 1 T ¥ I -
: f I i HEn s Ly g : = e : HHH Hn
E s : i)t ST ! L h ST fiSiR s ek
. ’
P




1y

[@]

o
[}

_ Uml “_: ._.._uT._lu..I.._.ul.T.. oI ;
o, Hre R
el i emam e i s malls
& _
J o
] 8k
M o = “m s
| § i
=

i T =
| v ]
P S ises ."

! ¥ i

| 1= i -t

i siik T_._._ =

i 3 e el

1 S = b
6 & S
8 3 j ia =i
I w T i i8

e a e
- o
7
L] HH [ 11
- L_ "
E : i
a : " a8 ki
= f
, i
& HH T
3 O
a ¥
b
L ;
N _ -
} T
{ Yt P b
Ly u“nd.. 1
f s BB -
t y R .

i z ot
= g i
- izans

1 irmeiad
[EW - 1 ¥ s :
E -1 .. = - ¥ Ao Ky
-L i T aptillaarss
F -
—— HE 3 HE i T =
= : 268 IRIR caiae e Rt
| = : R St
I HH H ]
] I T 0¥ =
| _.w i T Y
_ Hy et H
g8tk H s nd T H e
ﬁ...u T I sii=
= e pma G gy A
% e i s, ; : v HH
: : g HrEE
& o HH o = T :
H it I 3 ¥ H
! i B e SHEG
] Thefals . 2 e F £
| AR : BRI
: . Saaimgeirazerie
! B i SEiE HHEH :
et e =l ...l._..m._ . : CEEE I T
| i i b g TEHE
e B . I o
e TR T e e

‘ o o i T T feieins e

: = B :

i £ FH BHIE ek E

¥ TTEHER i T ==
s : R =
[} e e st R Rs : 2

T s FaEai ¥ i
I 1T o L s - -




— _FMAGE__
-~
4

ADEL
1L —

|

-
# ."'I"‘.l“"'-:ia'? CORTARLHES

oA

—DATE
DATE.

CHECKED,

"y

i
el
REPORT.D;-leOO

ol _"""'l BEL

e e S

- T T
T R e e e
H | M
e T e e T
: I
PR e i
I e i isi
adinis et ina i oL Sty e
: el i
HHEH
ar ._._l 1 = T
i natiss e
ORae e you
i arar: i
=
; H I ¥ i
- IR __W -
: e i1
1 THTH R o
arafd ki |||.|
1 Fiaieabin e =
=] L0 ' =
i i Rl Teets st =
I AR 3 ik C
e BT BEEE iR
P EaiEieia e f }
T sl
i L .l
ik IEd i
- “ b
B EETIn : T
amanak I 1 $ ik
REEHEREEEE SRR
st B i HEHE R
THIEHHS R !
1 i - T T
| T Tt aiwmsisdran
Eairan: 4 ey i .
e e - : :
i T R
: 1 = : ik T
e 1
k Rty T
H e = [aees
- PR
T e 8 e ek m am o
H ¥ b
- 1 - s 1
T = bt BapEE
1 ey L
: = =
- - I3 3 _.1. T
- Here : o aae : ..
I T T 1mns 5, wmm N
HHT EE I ; SR e
r - el - I + ;
TR f 2 2
. - : H Saitiney
I T HH =1 th mm bk e L
: i
I : s et
; 1 : : -
! i1
T St i =
I . o
T HEH Ir : aid
! S 2 5 H o
= 5 B T s i1 T
e _m r.+wk.;_ - wes
i 3T I e b
iaian . B - (e e H
IE L HSIEiarats g v T ¥
T T i - +
e TH F I shidn
+ 3 s e E T
S : =
i - b I
H Tt T
: Hr b :
- Stet ST T
- T T I
“ i i " ney . I3 ¥
Erzse LIZITEIIEL 1 H
T * 3 x IS z
i I ' 14 T T I 3
} 1 T : T
L + i i
- : ;
; v £
] F i I i e
fee i : a
¥ - T
fii e HEfEs T
; 1 ¥ na HE i’
=" : e
T T 1] I il L -
1T T Il 1 1 - | § -
T Ly e FHH P
e taiznanai i T i
S hinas S T B T b
e T T T s
1. 5 T Tt T T - - 1T
B e i
- e —p——
t - HE
IR HHEH ¥ ¥ e T
pEph ; THE St Isi=i




BT Y S
_azrort=181..9/5-005

MODEL .
Loy - I e )

= Had4
e qaupt d1ages
siiEimETE it THT et pwreymas, TR - reTTT s ]
RHEEENEE - SR HE : 3 gl
e e H -
HE 1 ¥ ¥ e ma E 14 = T 3 - by
SRR : H R ST
Iy T . % ' * I T T
Sres: e : ke H - [T ks } i 3o e e AT
HE : - e R e
IO L EE ¥ } 1
e i i i E HERE e
IR E IR IE IR AR B 4 a5 5 I & Ty
: I : et e =
R T = I E e P 153
- e - + - El Sl 0 0§ * -
T $ : ) i et
PELIEIE LT : iEamsmrn e BT b s
18 [ M Ramel naa i 1 + .= - I St .r.ﬂ
iy dmamimasin: asznes oy mYEath p T
ewi faaki iR THF FEieteiata ey Pl Ry
= ', I I =~ T
s s T v — T
Fheasizid e i i 85§ Sk dnmmd Man s
Trsrmae fiEET T
: H HiTiaast
S T a sl oy g S Gt ]
e Sisiaien FH
Fmias FiEEtn aran TTIRas s ey o han ssdbamryat
g syeathieas it Coagg
i e e e
i TR e e
0 HH e T
e b
| o 4

|
w I =
= tH
73 ; trr
- il
“ ik |J|”.-
= ; i i
2] i T s=prs
o ' T i
- o
. e =
J/ 12 1
= ;
Ll 3 B
W : T i en £
[ o EEae
-/m, i : i
: : :
: B B
- !
T = T I e gl R T
[ + ¥ HHH T B
: setatare fSSten ki bt
Ld g - : P
> =3 - - iaTe a AT
: e ok o iTiey e
s mre prioaasann ! ¥ a S
H T T
TH T . ui
HEEET i $ - .- £ ==
i : =
s = b 1 e 1 Herer
ek T e i
i " e +
i T s pe :
* i e il P T - ¥
S s SR SRR
Al iz 3 Sisris R e i
< % T : e ket ]
g o teipmpaiad T T HEHY
i 1 s — b
P T SETEI et :
TR s : e : :
L : e : 3 1= iz :
SRl et W e e ST Td HIRTH hIE T 0 H i
RN it e B : i i35 e R
R s e ;s =1 FTERrT! I +H sanz e, o -1
e = i s HE R R e o o+ R
dim=n I 3 =i mms s b '
I3 Pt - A peiman Ry 3G T ; iaiase: SRk by s
Y e St aiat - S ihiiaiaiany # st =
2 : : i e i T et 1 semsalians
v SalEeh - e f = t - T
ik SRS - i e i
Y [Rsiiiimaalay : I I E R T H
- + T 1 Iy e, T
. E : ! R St s i




2
D-181-945-00z

CHECKEOD.

++

F] i

HEH e py el b
Thi SR

] =t
2 e
Timis TEp=
% EHERE
i ST

REPORT.

L

ey

i

CORFIDE

Hf

Ll Bl

P

VH

5 d

, MODEL
' aHIP

i

T
TH m.m
5t :
fhasspibisazlc
T e g
S
HHHe .14.. -
SanLLira u - =
T T T T
e :
B h.l_.
e raret A
HiEifises: Hhss
s e gih i aad Shgasiies
: :

HHEEE

]
s

LR AT

T

BEjasERiaaRpl

R

1!

-t




e

MODEL oo . _PAG

SHIP

rerorT. Dl 81 =3/ 500

R

1 T-T1

T
+
1

BATE.
DATE

BY.
CHECKED

HHHY

{
ST
B

i

EHE

| BELio A o

1hEH
Yt

Eagrae

EE

¥
:
+
T
: 3
o] it
!
¥ i
: ]
e
o 5 i = 0 0
T - —e
:
5
Tifane b
e Than =
: iEin
T
1 5&
St
Her
|TJ u"
ry




05

. e R g
q S r-.L...H..r
ol EH e e el i
9 T ] hen
; :
R =g
. S b Laas 3
L i : s
O g |k oh =
£ 0 HE =
o H B
i & HH 1 e H
¢ : i
f : S
- : i
% : TETE
| : i
“ = : T
o a! i -
Py il ; gt
o rﬁ ik SHiEaEd eatasaia iie Y
O I T e T e e e e b s R e e e e e e e R e R T e fsiases :
¥ ou R 1aid et THE
i : s S
-
s B i ]
i i : i =
" =T : H
= B e S 3
i i
S e 5
i ¥ I
N T T
T EHHHE “
g i _
% 1L L } “ “1 HHHIII-
S e
, T :
—d SRR L o
: THEHE o
kad =
AR &
Lll—- bt h §E
o i ; 1
| 1 T
iEEHHAY
; 3 BsErioRirtIises
S
= T T
|H| Ty 3 -
i F -
Ny i 3
Bt i {iaen
g i e
6 g Ee i 2
R 12 -
pric] : !
L21a! T
s H
e : H
“|+-|- AR RS S8 s Bl ey s ma et sa el RS AN RN o Wy Y D RN PR SN TETE B TR LS EREE b S e e s bt S0 Al o wmpy S R SRRy ® o 4 SEEET S PERTE PEEEE A g 0 B g -
ER L g = ey
nE . FHEH
o ..-._pm: aEiatts
B .M._......
H il Ipe I TH e
(4] : .
u
23 s
H |4
T




95

PAGE

__report =18

MODEL

DATE

s
==

EHIP

|

B E L WWCO“"IHIB'

|
I

DATE.

CHECKED

. 5=005

1-
HHHEES BB I 2 SNl s s
ST 3 i i i
B 3 £l
S s s : = oS
T E t B
sz it !
F . i B I I
memssitiag T Eimit
SrsEIIE EREE i HEHE ]
Sl TE1Y PLETRIE s I ._..“1_..
i e iiae THIHEY i
T : TEEETREE Py st
nESta : SRR T 2 H
koo pepman e TN T
e i I i FEEFH A
e B : .
HESth T ; g imr P :
e i HEHHH .Ln. i I AR
i T § I TIH -
- Cr er : e
EEit : EEHL et 1 [
15 : i - :
= awana T FE e e - 5 HH
8 EaE RS P i i
b i ..m :
T H 1E! EiE THT
Hon = BIEE ST
T - o ! vEe
r..||_.|. 1 = p g mrm =2zt
Y b iFinda _ i
AT . :
FEhTER : e
.._H. ea LT
3 I HHEHE FHH 2 n
5 T : ¥ o H im
s : 3 HEHES ] 15
e S : i
HHH : ST B
R imial 1 HeH e
ST - Hi .J
iR : : = EE
i - + ¥ i ?
=re % T e 1 1 1 -
[T e e
R + 1 TR HE Tie
IT.._IJH_H e rapanran ..
M = =g b -
e B T i T : H
t =
TEE . e T
fioi i : s : T : } EH
W on e T I T auk T -
o L N _ :
s “E."iﬁ..r._ + L T ' ¢ 3 : '
S + ! STTIEl IEisine: 1 f
= T - 1 I .
i3 EEizint $ H T HEHE S
“HEEIT - Pies 1
Eaose CHE : :
4 ey e
i frasas ! HH :
bt - - B =
R _.|m|.:. ] s S ;
Shu 1215 H I frrT H
Fr et = p HE H : :
. Hii S T
3 :
B =
1 T L >
s -
iy FetriEirts 3 T
: - ¥
= Hit B
T + =
. i .
: :
: Siisiniisin :
] f T 1
T o S +
1 '’ T 1T .“
Hy oriiianes
.




nam

IR BRI

e e e B NG EN

BHIP__—___,_.._...-...._-_..MHEP(.IRT

I HHE
= ravanTE s
: i Sisine
| 2 .
taE B
| ri ; _ "
(e : :
y v i
s bt isie s bl bha i g e s i : :
g Iyea 1 !
= v s s aa ' 3 T . n
£ S T i ; :
| g T 1 I i a1
| S TSI ANtRl e + i :
| K st s et I it iy &
N : . r n
REIE ISL a v a5 HEHiEg . W
‘ *® i HET R f 2 i
| £ i e
” ﬂm : Praiiiiea i R e e
N ; SR e . i
,, 4/ s .n__mw,._4 i f B
e En 1 = . {
S = “
sad : ._
g :
fo o | : M
: .. ._n
s %
=
+H
caEn

= J
&
-
c |
araididmar
T - —
T |
e |
1 P —
e el ,
n : : e Tivane
ﬂ = T s ..“.. =t
: o o
m ". 1Ix: s 5 ||-.||.I|| : H .m.- Hm “
5 R e 15 : R
T S =
Hi SRR




i
e

e e e

o ; :
e

o
e

i






